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ABSTRACT 


TheTactors  involved  in  the  design  and  development  of  Deep  Submergence  Vehicle  eleelricaDliull, 
penetrators,  connectors,  and  harnesses  are  outlined.  Designs  which 'have  seen  use  over  the 
>ears  are  noted.  The  advantages  and  limitations  of  these  designs  are  detailed:  Recommendations 
for  thv  proper  design  of  electrical  penetrators,  connectors  and  harnesses  are  offered.  Suggested 
test  programs  to  assure  the  design  adequacy  are  detailed.  While  this'work is  (primarily  directed 
to  components  used  on. Deep  Submergence  Vehicles,  the  Handbook  notes  that  tliene  components 
can  be  effectively  used  on  other  systems  such  as  habitats,  deep  moored  objects,  and  other 
similar  devices. 
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PREFACE 

The  Deep  Ocean  Technology  Handbook  of  Vehicle  Electrical  Connectors,  Penetrators  and  Har¬ 
nesses  for  Deep  Ocean  Applications  v/as  prepared  as  a  guide  for  designers,  engineers,  and 
operating  personnel  concerned  with  the  deep  ocean  environment. 

It  is  a  compilation  of  engineering  criteria  obtained  from  published  sources,  experimental  inves¬ 
tigations,  and.consultations  with  electrical  connector  manufacturers,  users,  and  deep  submergenc 
vehicle  manufacturers  and  users. 

The  Handbook  is  based  on  work  being  performed  under  the  Deep  Ocean  Technology  Program.  It 
consists  of  presently  available  information  and  will  be  updated  periodically  as  work  progresses. 
The  loose-leaf  form  of  the  Handbook  is  for  convenience  in  incorporating  subsequent  additions  and 
changes. 

It  will  be  noted  that  there  is  information  provided  in  the  Handbook  which  is  common  to  various 

0 

deep  ocean  connector,  penetrator  and  harness  applications  and  not  only  for  deep  submergence 
vehicles. 

Considerable  narrative  material  is  included  in  this  edition  of  the  Handbook.  When  military  spec¬ 
ifications  are  issued  covering  connectors,  penetrators  and  harnesses,  much  of  this  material  will 
be  deleted  in  future  revisions. 
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ADMINISTRATIVE  INFORMATION 

This  Handbook  has  been  prepared  for  the  U.  S.  Navy  under  the  sponsorship  of  Deep  Ocean 
Technology  Prograin.  The  work  was  conducted  under  the  technical  direction  of  the  Electrical 
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This  Handbook.is  designed  to  be  periodically  revised  to  reflect  new  information  on  electrical 
connector,,  penetrator  and  harness  materials,  manufacturing  techniques,  and  general  technology 
gained  via  the'Deep  Ocean  Technology  (DOT)  Program.  Maintenance  and  expansion  of  the  Hand¬ 
book  is  the  responsibility  of  the  Naval-Ship  Systems  Command  utilizing. the  Naval  Ship  Engineering 
Center  as  Technical  Agent. 

As  the  Handbook  is  published  in  loose-leaf'form,  revisions  and  additions  can  be  made  easily.  A 
User  Comment  Return  Form  is  included  in  the  Handbook  as  a  convenient  means  of  obtaining  feed¬ 
back  for  additions  or  amendments.  Individuals  within  the  Navy  and  the  non-military  community 
are  encouraged  to  submit  comments  and  additional  data  for  future  revisions  of  the  Handbook. 
Material  received  will  be  reviewed  by  NAVSEC  and  considered  for  possible  inclusion  in  the  Hand¬ 
book  at  a  later  date. 
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INTRODUCTION 

This  Handbook  has  been  prepared  to  provide  engineering  information  and  guidance  in  designing, 
testing,  and  installing/electrical  penetrators,  connectors:,  and' harnesses  on  Deep  Submergence 
Vehicles  (DSV).  While  the  Handbook  is  primarily  devoted  to  DSV  applications,  the  information 
provided  can  be  advantageously  applied  to  systems  and  components  other  than  DSVs  such  as 
habitats  and  deep  moored  electrical  and  electronic  components.  For  instance,  it, will  be  noted 
that  desigh\criteria  established  for  DSV  electrical  penetrators>is  also  applicable  to  habitats  or 
personal  transfer  capsules.  Also,  the  pressu reproof  electrical  harnesses  used  on  DSVs  are 
similar  in  design  to  those  which  would  be  provided  to  offer  circuit  continuity  between  deep  mopred 
electronic  components. 

The  Handbook  is  divided  into  the  foUowing  seetiens  for  presentation  of  the  electrical  penetrator, 
connector  and  harness  design  data: 

Section  1  -  Lists  the  electrical  distribution  design  information  necessary  at  the  initiation  of  a 
DSV  electrical  penetrator,  connector,  or  harness  development  program. 

Section  2  -  Offers  a  design  analysis  for'OSV  electrical  hull  penetrator  designs. 

Section  3  -  Offers  a  design  analysis  for  pressure  proof  DSV  electrical  connector  designs. 

Section  4  -  Offers  a  design  analysis  for  pressure  proof  DSV  electrical  harness  designs. 

Section  5  -  Discusses  the  materials  selection  considerations  for  designing  connectors  and  pene^ 
trators  for  use  in  the  sea  water  environment. 

Section  6  -  Discusses  quality  control  considerations  to  assure  component  reliability. 

Section  7  -  Offers  a  brief  bibliography  on  related  subject  items. 

Section  8  -  Covers  a;  glossary  for  pressure  proof  electrical  connectors  a  id  penetrators. 

Section  9  -  Includes  a  number  of  tables  which  can  prove  useful  to  the  designer. 
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Section  1 


ELECTRICAL/ELECTRONIC  DISTRIBUTION  SYSTEM 
V  EHICLETDESIGN  CONSIDERATIONS 

The  engineer  responsible  for  the  electrical  harnessing  system  on  a  deepsubmergence  vehicle 
must  have  the  following  design  information  prior  to  the  initiation  of  the  design  and  development 
program: 

a.  Vehicle  operating  depth 

b.  Vehicle  test  depth 

c.  Shock  requirements 

d.  Vibration  requirements 

e.  Vehicle  temperature  ranges  —  operating,  storage  and  transit 

f.  Vehicle  hull  material 

g.  Location  of  electrical, penetrators  in  hull 

'h.  Space  limitations  inboard  and  outboard  of  the  hull  penetrators. 

i.  Identification  and  location  of  all  electrical  components,  outboard  of  the  pressure  hull. 

j.  Vehicle, service  life 

k;  Vehicle  fabrication  schedule 

1.  Assigned, weight  approximation  for,  vehicle  electrical/electronic' system. 

m.  Anticipated  vehicle  cost  and  budget  for  electrical  distribution  system. 

n.  Outboard  electrical/electronic  com ponent^data, (see  listing). 

o.  Vehicle  component  arrangement  drawing. 

The  preceding  design  information  allows  the  engineer  to  lay  out  the  entire  electrical/electronic 
system.  It  gives  him  all  the  data  required  to  select  system  components,' such  as  connectors, 
penetrators,  cables,  and  wiring. 

Packaging  underwater  elc  nrical/electronic  systems  is  definitely  one  of  the  most  critical  design 
considerations  in  the  development  of  DSVs.  This  system. includes  not  only  the  externally  located 
components  but  encompasses  altcf  the  constituents  from  the  internal  control  or  readoutdevices 
inside  the  vehicle  to  and  including  the  external  sensor  or  components.  The  individual  components 
which  comprise  the  overall  electrical  distribution  system  include  the  following: 

a.  Electrical  hull  penetrator. 

b.  Connectors  mounted  to  >  the  penetrators. 

c.  Outboard  cable  which  runs  from  the  penetrator  to  the  outboard  component. 

d.  Connector  mounted  to  the  outboard  component. 

e.  Outboard  cable  support  and  protection  devices. 

f.  Inboard  cabling  (harness). 


It  will' be  noted  that  items  b,  c,  and  d  could  bo  grouped  together  and  described  as  the  outboard 
harness  assembly.  See  figure  1-1. 

As  seen  in  figure  1-2,  there  are  many  electrical-components  mounted  outboard  of  the  maimed 
sphere  of  DSVs.  These  components  service  the  following  systems: 

a. ,  Electrical  power  (batteries,  motors). 

b.  Sonar'  (hydrophones,  transducers). 

c.  Communication  (antennas,  UQG). 

d.  Lighting 

a,  TV  cameras, 

f.  Safety  actuating  devices. 

g.  Water  and  mercury  level  sensors. 

h.  Junction  boxes. 

i.  Work  performing  devices  (manipulators). 

When  discussing  the  outboard  packaging  system  for  DSVs,  it  can:be  noted  that  there  are  three 
basic  classes  of  submersibles  in  operation:  (see  reference  1) 

Class  1  -  5-25  ton  vehicles 
Class  2  -  25-400  ton  vehicles 
Class  3  -  700-7, 000  ton  submarines. 

A  typical  Class  1  vehicle  -3  used  here  to  discuss  the  outboard  rpackagingsystems.  This  type  of 
vehicle  is  felt  to  offer  the  basic  equipments  that  are  necessary  for  safe  DSV  operation.  The 
Class  2  vehicles,  as  can  be  expected,  are  much  more  sophisticated  with  respect  to  the  electronic 
equipments  located  outboard  of  the  vehicle  pressure  hull.  Table  l-l.is  a  listing  of  typical  Class 
Tvehicle  outboard  electrical  components. 

l. 1  SYSTEM  ELECTRICAL  REQUIREMENTS 

Table  1-2  illustrates  DSV  electrical  system  requirements i~«ii.n  regard  to  electrical  current  and 
voltage  levels  typically  encountered.  As  voltage  potentials  range  from  12  volts  dc  to  440  volts 

ac,  .(with  the  usual  high  limit  for  dc  voltages  being  near  120  volts),  these  systems  do  not  impose 
stringent  requirements  on  electrical  connectors.  Also,  electrical  currents  range  up  to  only  sev¬ 
eral  amperes  for  the  majority  of  electrical  loads,  and  this  magnitude  of  current  is  not  usually 
considered  a  design  problem. 

The  only  electrical  loads  generally  exceeding  the  previously  mentioned  current  le  :els  are  various 
externally  mounted  motors  and  underwater  floodlamps. 


Table  1-1'.  Typical  Class  1  Vehicle  Outboard  Electrical  Component  List 


Component 

Quantity 

T, 

Main  propulsion  motor  (7-1/2  hp) 

1 

2. 

Low  thruster  motor  (2  hp) 

1 

3. 

Hovering  motor  (2  hp) 

1 

4. 

Outboard  main  distribution  box 

1 

5. 

Low-thruster  reversing  contractor  box 

1 

3. 

Main' battery  box 

2 

7. 

Rudder  drive  motor  and  indicator  box 

1 

8; 

Fuse  container 

2 

9. 

TV  cameras  —  bow  and  sail 

2 

10. 

33mm  still  camera 

1 

11. 

Underwater  telephone  transducer 

1 

12. 

Fathometer  transducer 

2 

13. 

Magnesyni  compass  sensor 

1 

14. 

Trackingipinger 

1 

15. 

Radio  antenna 

1 

16. 

Cable  cutter  (electrical) 

1 

17. 

Manipulator 

2 

18. 

Auxiliary  ballast  tank  water  lever  sensor 

1 

19. 

Mercury  trim  tank  level  sensor 

1 

20. 

Strobe  light 

1 

21. 

Payload  lights 

2 

22. 

‘Bow  light 

1 

23. 

Viewport  lights 

4 

Table  1-2.  Topical  Voltage  And  Amperage  Requirements 
For;  Outboard  Components  on  Submersibles 
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Component  list,  table  l-l,  shows  that  over  twenty  components  are  located  outboard  on  the  pres¬ 
sure  hull  of  tills  vehicle.  On  some  DSVs,  this  number  would  be  increased  to  over  400  with  the 
addition  of  more  sophisticated  sonar  sensors,  or  the  use  of  flights  to  illuminate  the  many 
viewports  in  a  vehicle  hull. 

It  is  suggested  that  each. electrical/electronic  component  located  oulboard.ofdhe  DSV  pressure 
hull  be  indentified  as  shown  in  table  1-3.  A  data  sheet  containing  the  information  listed  in  this 
table  will  , provide  the  systems  engineer  with  all  of  the  information  he  requires  pertaining  to  the 
outboard  component.  The  listing  will  identify  the  number,  size  and  types  of  harnesses  required 
to  service  each  component  and  will  assist  in  determining  the  number  of  penetrators  and  junction 
boxes  required  to  service  the  equipments  listed.  With  this  list,  it  is  now  possible  to  develop 
schematic  diagrams  as  shown  in  figures  l-ILand  l-4i 

1.2  DSV  POWER  DISTRIBUTION  SYSTEM  CONSIDERATIONS 

In  general,  the  energy  source  on  deep  diving  submersibles  is  located  outside  the  pressure  hull. 
This  is  due  to  limited  space  available  for  containing  the  source  within  the  hull .  The  displacement 
of  the  energy  source  reduces  the  overall  vehicle  submerged  weight. 

With  the  energy  source  located  external  to  the  pressure  hull,  there  also  are  advantages  in  keeping; 
the  distribution  equipment  external.  These  advantages  include: 

a.  Reduction  in  number  and  size  of  electrical  penetrations  through  the  hull. 

b.  Reduction  in  cable  length  and  voltage  drops  to  large  loads  located  external  to  the  hull. 

Utilizing  pressure-compensated  energy  sources  and  external  distribution  centers,  connectors 
can  be  used  to  penetrate  the  enclosures.  Hull  penetrators  will  only  be  required  for  the  power 
control  arid'signal  leads  actually  passing  through  the  hull. 

The  considerations  of  voltage,  current  rating,  and  maximum  fault  current  must  be  incorporated 
into  the  component  design.  In  addition,  the  Power  DistributiomSystem  engineer  must  be  aware 
of  the  component  rating  arid  utilize  circuit  protective  arid  current  limiting  devices  to  prevent  the 
component  ratings  from  being  exceeded. 

1.2.1  EXTERNAL  DISTRIBU'l  ION  -  -  Figure  1-5  shows  a  possible  distribution  system  for  a 
research  subm ersible.  Connectors  would  be  employed  between  the  energy  source  and  external 
distribution  boxes,  between  the  external  distribution  boxes  and  loads,  and.one  end  of  the  cable 
connecting  the  external  distribution  box  to  the  hull  perietrator.  The  connectors  used  between  the 
energy  source  and  the  external  distribution/box  must  be  capable  of  carrying  the  maximum  fault 
current  generated  by  the  energy  source.  By;selecting  suitable  sensing  devices  on  the  tie  breakers 
and  feeder  breakers,  the  rating  of  the  connectors  utilized  in  these  areas  must  be  sufficient  s 
handle  the  maximum  fault  energy  which  may  flow  prior  to  tripping  of  the  respective  breaker.; 

The  purpose  of 'the  group  feeder  breakers  is  to  provide  added  protection  to  the  connector  between 
the  external  distribution  center  and  the  vehicle  and  the  hull  penelrator.  The  amount  of  powerlinto 
the1  hull  is  less  than  the  power  supplied  by  the  energy  source  to  the  power  requirements  of  the 
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Table  1-3. 


Typical  Outboard  Electrical/ Electronic  Component  Cabling'  System  Data-Sheet 
1.  Component  Name: 

2.,  Component  Case  Material: 

3.  Component  Electrical  Receptacle: 

4'.  Component  Voltage  Requirements: 

5;  Component  Amperage  Requirements: 

6.  Component  Operating  Frequency: 

7.  Component  Electrical  and  AcousticaMnterface  Requirements: 

8.  Component  Impedance  Requirements: 

9.  Outboard  Component  Harness  Length: 

10.  Outboard  Component  Harness  Plugs: 

<11.  Outboard  Component  Harness  Cable:  <r 

12.  Outboard  Component^Harness' Protection  and  Support  Device: 

13.  Component  Hull  Penetrator  Requirements: 

14.  —Inboard  Connector  to  Penetrator: 

15.  Inboard  Component  Wire  Type  and  Size: 

16.  Inboard  Electrical  Connection  at  Component  Black  Box: 


C 
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*■  NEW  CABLES  ARE  BEING,  DEVELOPED  fOR  O SV  USE 


Figure  1-4.  Typical  Vehicle  Penetrator  Cabling  --  Power 
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Figure  1-5.  Schematic  of  DSV  Power  Distribution  System  —  External  | 
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external  loads.  By  utilizing  this  arrangement,  the  system  engineer  can  reduce  the  requirements 
of  the  hull  penetrator  to  values  which  the  group  feeder  breakers  are  capable  of  protecting,,  rather 
than  the  maximum  fault  current  which  mighLflow  if  no-protection  device  was -incorporated. 

1.2.2  INTERNAL  DISTRIBUTION  SYSTEM  CONSIDERATIONS  -  -  All  signal  and  control  cables 
leaving. the  component  enclosure  must  also  pass  through  huU'  penetrators.  Similar  to  the  main 
power  hull  penetrator,  all  cables  leaving  through  the  control  and  signal  hull  penetrators  should 
be  protected  by  feeder  breakers  located  in  the  internal  distribution  center  as  shown.in  figure 
1-6. 

All  cables  which  penetrate  the  hull  shouid'bejprot'ected  by  circuit  protective  devices  to  reduce 
the  possibility  of  damage  to  hull  penetrator^  and  connectors.  This  prevents  unlimited  power 
flowing  through  the  components  in  the  event  of  a  fault  condition  existing. 

1. 2.  3'  GENERAL  DISTRIBUTION  SYSTEM  CONSIDERATIONS  -xln  any  submersible  having 
outboard  electrical  loads,  some  means  must  be  provided  for  penetrating  the  pressure  hull  with 
electrical  conductors.  In  addition,  these  electrical  conductors  must  be  identified  and  classified 
so  they  can  be  located  in  a  manner  so  as  not  to  degrade  electrical  system  performance  by  cross¬ 
coupling. 

In  general,  the  loads  on  a  submersible  will  {dace  them  in  one  of  the  following  four  levels. 

a.  High  power  level, (motors,  lights,  maimpower,  etc.) 

b.  Low  power  level  (relays,  control,  indicators,  etc.), 

c.  Sensors  (passive  sonar,  magnesyn  compass,  etc.) 

d.  Emergency  circuits  (explosive  squibs,  etc.). 

Each  level  mentioned  above  must  be  further  examined  to  ascertain  the  effects  of  the  following 
parameters  on  the  system. 

a.  Source  of  interference,  (electromagnetic  interference) 

b.  Circuit  susceptibility,  (electromagnetic  susceptibility) 

c.  Redundancy  requirements. 

d.  Source  of  interference,  (electrostatic  interference) 

e.  Circuit  susceptibility,  (electrostatic  interference) 

Only  after  this  classification  has  been  completed  does  a  designer  haye  the  basic.information  with 
which  to  start  the  more  detailed  design. 

Assuming  now  thata  detailed  tabulation  of  all  cable  parameters  ie -available,  a  preliminary  layout 
can  be  started.  Obviously,,  a  cable  carrying  high  power  current^ from  an  SCR  motor  speed  control 
would  not  be  placed  near  a  cable  used  for  ah  underwater  receiving, hydrophone.  This  on-off  type- 
of  control  would  generate  interference  transients  that  would  be  very- difficult5 to  filter  out  cf  the 
very- low  level  signals  in  the  hydrophone  circuit. 

Redundancy  requirements,  by  specification  or  special  design,  would  also  require  physical 
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Figure  1-6.  Schematic  of  D6V  Power  Distribution  System  —  Internal 


separation  to  avoid  loss  of  both  paths  by  severe  damage  at  one  area.  These<two‘.  examples  illus- 
•tvateHheohore  obvious  parametersvwhich  decide  cable  layout.  Unfortunately,  not  all  cables 
present'such  a  clear-cut  picture. 

The  asual; submersible  electrical  system  is  ungrounded;  that  is,  the  metallic  parts  of  the  vehicle 
are  mot  normally  used  to  carryelectricai  power.  Thus,  power  sent  out  to  a  load  on  oneconductor 
must  return-  on  another  conductor. 

In  the  case iof. alternating  current  circuits,  the  two-  or  three-conductor,  path  is  usually  twisted. 

This  is  dorte  to"try  to  cancel  the  alternating  magnetic  field  from  each  conductor,  in  order  to 
eliminate  all  the  field,  themonductors  must  occupy  the  same  space.  As  this  is  impossible  phys¬ 
ically,  the  twisted  pair  is  the  next  best  configuration.  A  metallic  shield  is  also  used  at  times 
when  electrostatic  shielding  is  also  required,  tit  can  be  seen  from  the  above  that  if  these  conductors 
were  physically  separated,  reduction  of  the  alternating  fields  would  be  almost  impossible. 

Separation  oidirect  current  circuit  conductors  can  also  raise  serious  problems:  Inductive  loads 
on  dc  power  require  special  switch  and  circuit  breaker  considerations.  Separation  of  conductors, 
perhaps  to' utilize  certain  penctrators,  could. possibly  make  a  normally  resistive  load  inductive. 

If  the  conductors  were  separated  by  severai  feet,  a  single  turn  loop  of  considerable  area  and 
significant  inductance  could  be  formed,  but  the  loop  could  prove  to  be  most  troublesome  during 
switching  operations. 

In  addition,,  a  single  turn  loop  would  generate  a.  substantial  magnetic  field  which  could  be  fatal  for 
.certain  other  devices,  such  as  magnetic  compasses  and  equipment  for  magnetometer  surveys. 

Another  area  sometimes  overlooked  is  the  desirable  separation  of  conductors  capable  of  carrying 
high  level’ fault  currents  from  conductors  attached  to  explosive. operated  diveces.  A  nigh  fault 
current  could  possibly  induce  a  firing  current  in  the  explosive  squib  and  could  prematurely  activate 
some  system. 

The  foregoing;  considerations  define" the  tasks  'involved Jh The  power  distribution  design.  In  gen¬ 
eral,  the  following  recommendations  are  offered  for  these  applications. 

a.  The  connector  or -hull  penetrator  must  have  a  power  rating  in  excess  of  .the  maximum  fault 
current  which  may  flow  through  the  respective  circuit  as  limited  by  circuit  protective 
devices. 

b.  On  all  dc  power  circuits  each  polarity  should  be  taken  through  separate  connectors  or 
penetrators.  However;  conductor  loqp  arca^should  be. kept  to  a-minimum=to.reduce  the 
effects  of  the  magnetic  fields  generated  and. their  interference  with  susceptible  circuits. 

c.  AC  power  circuits,  especially  three-phase  440  VAC,  for  example,  should  be  carried  through 
a  single  nonmagnetic 'penetrator  or  connector.  Before, attempting  to  separate  these  con¬ 
ductors  into  separate  penetrators  or  connectors,  a  long  hard  look. would  have  to  be  taken  at 
the  inductive  hating. effects  of  these  conductors  separated  by  magnetic  materials  as 
detrimental  or  even  destructive  heating  of  these  .materials  could  occur.  If  nonmagnetic 


materials  are  used  in  theunagnelic  Held  between  conductors,  the  heating  effect  would  be 
greatly  reduced.  However,  eddy,  currcnt'heatlng  in  any  electrically  condur'iye  material 
would  still  rernain. 

d.  Circuits  susceptible  to  noise  or  interference  should  not  be  routed  through  a  connect' or.  or 
penetrator  which  carries  power  and  control  circuits. 

Safety  of  the  vessel  is  the' prime  consideration  for  these  recomfne,*v&tions.  After  an  analysis  .of 
the  loads  and  mission  is  completed,  a„  tradeoff  may  be  made.  Deviations  from  the  above  recom¬ 
mendations  may  be  made  as  a  result  of  the  tradeoffs  based  on  analysis  of  loads  and  mission. 

1.2.4  ELECTRONIC  COMPONENT  INTERFERENCE  ON  DSVs  —  DSVs  are  subject, to  acoustic 
and'electrical  interference.  Instrument  performance  can  be  degraded  by  the  blankihgrbui'pf 
data  and  the,  presentation  of  erroneous  data. 

Acoustical  interference  can  be  produced  by  sea  noise,  self-noise  and  radiated1  noise.  There 
'exists  ambient  sea  noise  which  must  be  tolerated.  Selfrnoise  is  the  noise  that  the  vehicle 
generates  from  its  own  propellers,  equipment,  or  machinery.  Radiated  noise  is  that  noise  which 
another  "Vessel,  surface  or  submerged,  generates. 

» 

Of  particular  concern  here  is  electrical  interference.  The  limited  space  available  on  DSVs,  and 
Navy 1  submarines  for  that  matter,  causes  interference  problems  which  must  be  seriously  con¬ 
sidered  early  in  the  overall  design  phase  of  electrical  systems.  WherVa.  current  or  voltage  is 
applied  to  conductors,  magnetic  and  electrical  field  are  formed  around' the  conductors  as  in 
fjgure  l-7v  "The,  magnitude  of  the  interference  depends  upon  the  field  strength,  the -field  geometry, 
the  rate  of, change  of  field  and  frequency  and  the  susceptibility  of  the  receiving: circuit."  {refer¬ 
ence  2)  The  electrical  cable  field  can  be  contained^,  conventional  cable  shielding  methods  as 
shown  in  figure  1-8,  but  the, magnetic  field. poses  serious  problems.  Power  cables  carry  large 
currents  and  voltages  and  as  a  result,  are  surrounded  by  strong  electromagnetic  fields.  It  is 
therefore  necessary  to  provide  exotic  shielding  or  to  separate  all  power  supply  cables  from  the 
sensitive  transducer  circuits.  These  circuits  must  also  pass  through  hull  penetrators  which  do 
not  service  the  power  circuits.  For  this  reason,  separate  penetrator  designs  are  recommended 
to  keep  the  offending  circuits  separated.  However,  time,  sharing  can  also  be  considered.  If 
circuit  A  and  circuit  B  mutually  interfere  with  each-other  when  operated  simultaneously  but)in 
actual  practice  are  never  operated  together,  they  can  occupy  the  same  penetrator  satisfactorily. 
Electrical  interference  las  been  a  recurring  problem  on  all  DSVs  fabricated  to  date.  See  refer¬ 
ence  3  for  additional  data  on  electrical  interference. 

1.3  SYSTEM-INTERCONNECTION  CONSIDERATIONS 

Having  proceeded  to  this  stage  in  the  design  cycle,  the  engineer  can  now  devote  his  attentions  to 
the  pressure-proof  connectors,  penetrators  and  harnesseswhich  interconnect  the  entire  elec¬ 
trical  system  on  the  DSV.  One  point  which  cannot  be  overemphasized  is  the  need  for  the  system 
engineer  to  insist  on  having  electrical  connectors  located  at  the  outboard  components  and  at  the 
hull  penetrators.  Also,  one  basic  type  of  design  should  be  used  on  ail  of  these  components.  One 
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design  type  is  recommended  to  facilitate  fabrication  of  harnesses,  and  the -logistics_problems 
which  arise  during  fabrication  and  subsequent  maintenance  of  the  vehicles. 

Electrical  connectors  are  required  outboard  on  DSVs  to: 

a.  Provide  an  interface  between  the  electrical/ electronic  component  manufacturer  and  the 
vehicle  manufacturer  (or  the  user. ) 

b.  Provide  a  convenient  and  necessary  electrical  test  point. for  the.  component  during  various 
stages  of  manufacture,  testing,  installation  and  maintenance. 

c.  Allow  proper  packaging  of  the  electrical  component  for  handling,  packing,  shipping,, 
storage  and  installation. 

d.  Eliminate  the  need  for  the  component  manufacturer  to  provide  the  electrical. cable  to  a 
distant,  unknown  junction  point  on  the  DSV. 

e.  Provide  a  proper  interface  for  maintenance  and  replacement  cf  eiectrical  components  and  *' 
harnesses. 

f.  Provide  a  proper  interface  between  components  in  a  complex  outboard  electrical  system. 

g.  Facilitate  the  manufacture,  handling,  and  assembly  process  of  components. 

h.  Provide  for  the  pressure -proof  hermetic  sealing  of  an  electrical  component. 

i.  Facilitate  the  hydrostatic  pressure  testing  of  outboard,  electrical  components  and  penetrators. 

The  following  sections  are.  devoted  to  the  design  of  electrical  hull  penetrators,  component  con¬ 
nectors,,  and  outboard, harnesses  which  make  up  a  large  part  of  the  DSV  electrical  distribution 
system. 
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ELECTRICAL  PENETRATOR  DESIGN 
2;  Is  PENETRATOR  CONFIGURATION 

The  primary  function  of  . an  electrical  penetrate?  Is  to  pass  electrical  power  or  signals  through 
the  pressure  hull  of  the  vehicle.  The  penetrator  must-be  designed  to  seal  and  insulate  the  con¬ 
ductors  as  they  pass  through  the  hull.  They  must  also  be  designed  to  preserve  the  watertight 
integrity  of  the  pressure  hull  at  all  times.  The  hull  integrity  must  be, preserved  despite  possible 
outboard  harness  damage  and  short  circuit  fault  current  conditions  in  the  electrical  circuitry. 

Electrical  hull  penetrators  are  one  of  the  most  critical  design  components  on  DSVs.  Mechanical 
failure  of  an  electrical  penetrator  at  depths  could  result  in  the  loss  of  the  vehicle. 

The  following  five  basic  penetrator  designs  are  in  use  on  DSVs: 

a.  Single  connector  penetrator.  (references) 

b.  Multi-connector  penetrator.  (reference  4) 

'c.  Potted  and  molded  cable  penetrator.  (reference  2) 

d.  Through  cable  penetrator  with  grommet  cable  seal,  (reference  1) 

e.  Through  cable  penetrator  with.O-ring  cable  seal,  (referenced) 

It  is  recommended  that  the  selection  of  single  and  multi-connector  penetrators  be  used  on  all 
DSVs.  The  principal  reasons  for  this  recommendation  is  that  the  connector  type. penetrator 
provides  a  needed  harness  disconnect  point  at  the  outboard  side  of  the  pressure  hull,  and  the 
primary  and  secondary  penetrator  conductor  seals  can  be  tested  for  pressure  integrity  prior  to 
installation  on  the  vehicle.  A  connector  type  penetrator  provides  a  positive,  testable  water  barrier 
which  is  not  dependent  on  outboard  cables  to  provide  a  seal.  The  following  paragraphs  explain 
and  amplify  the  types  of  penetrators  used  on  vehicles  and  the  advantages  and  disadvantages 
associated  with  the  use  of  each  basic  design. 

This  section  is  primarily  devoted  to  the  design  parameters  associated  with  the  connector  type 
penetrators  as  this  deslgn  is  the  one  recommended. 

2.2  PENETRATOR  TYPES 

The  following  is  a  brief  discussion-^  t>e  five  basic  penetrator  types  used  on  underwater 
.vehicles. 

2.2. 1  SINGLE  CONNECTOR  PENETRATORS—  The  predominance  of  penetrators  used  on 
DSVs  today  are  the  single  connector  type.  The  single  connectors  contain  from  two  to  over 
fifty  contacts.  Usually  one  large  cable  runs  from  a  plug  mounted  to  the  penetrator  to  a  distant 
distribution  or  Junctionbox.  See  figure  2-3. 


In  general,  this  type  of  penetrator  is  more  suited  to  the  small  tonnage  vehicles  where  space 
outside  the  pressure  sphere  is  at  a  premium.  For  example,  in  many  vehicles  the  electrical 
penetrators  must  be  located  around  the  circumference  of  the  window  hull  insert.  Available 
space  around  the  windows,  both  inboard  and  outboard  is  very  limited.  Therefore,  single  con¬ 
nector  penetrators  are  used.  This  type  of  , penetrator  design  is  discussed  at  greater  length 
further  on  inthis  section. 

2.2.2  MULTIPLE  CONNECTOR  PENETRATORS  —  In  sheer  numbers,  there  are  more  multi- 
connector  penetrators  in  use  today  than  any  other  type.  These  penetrators  are.primaftly.used 
on  attack  and  FBM  submarines.  See  figure  2r4.  Properly  designed,  the  penetrator  allows-a 
large  number  of  wires  to  pass  through  a  minimum  sized  hole  in  the  hull.  The  design  also  allows 
connectors  to  be  used  outboard  at  the  penetrator  for  each  cable  harness  running  to  the  penetrator. 
The  penetrator  also  allows  the  use  of  a  connector  directly  inboard  of  the  penetrator  body.  In 
laddltion,  the  penetrator  assembly  can  be  hydrostatically  pressure-tested  prior  to  installation 

on  the  vehicle.  The  disadvantage  of  this  type  of  penetrator  is  the  relattvelyhigh  initial  cost. 

2.2.3  POTTED  AND  MOLDED  CABLE  PENETRATORS  —  A  potted  or  molded  type  penetrator 
is  one  in  which  the  conductors  or  cables  are  spliced  or  terminated  to  a  header  inside  the  pene¬ 
trator  body.  The  cables  are  then  sealed  to  the  penetrator  body  with  a  potting  compound  or  molded 
rubber.  See  figure  2-2. 

The  potted  penetrator  design  usually  has  a, cost  advantage  in  that  it  is  less  expensive  to  fabricate 
the  penetrator,  assembly  when  compared  to  a  single  or  multiconnector  type.  It  has  disadvantages 
in  that  test  points  are  not  readily  available  outboard  of  the  pressure  hull,  and  the  conductor  seals 
inside  the  penetrator  body  cannot  be  pressure  tested  once  fabricated.  The  resulting  assembly  then 
consists  of  a  penetrator  with  long  lengths  of  outboard  and  possibly  inboard  cable  which  is  more 
susceptible  to  damage  at  installation.  It, may  also  be  more  difficult  to  test  the  entire  harness 
assembly  prior  to  installation.  Another  major  drawback  is  that  should  a  cable  be  damaged  in 
service  and  water  run  through  the  cable  to  the  penetrator  body,  the  entire  assembly  may  have 
to  be  scrapped. 

2. 2.4  THROUGH  CABLE  PENETRATOR  WITH  CABLE  GROMMET  SEAL  —  The  through  cable 
penetrator  with  cable  grommet  seal  involves  the  pressurization  of  the  rubber  grommet  packing 
material  against  the  wall  of  the  stuffing  tube  and  the  cable.  See  figure  2-1.  An  initial  cable  seal, 
is  formed  when  the  packing  is  pressurized  with  the  use  of  the  gland  nut;  generally,  this  gr oinmet 
pressurization  by  the  gland  hut  caused  a  fairly  high  local  loading  on  the  cable.  The  pressure  on 
the  rubber  grommet  is  increased  with  the  subsequent  Increase  in  hydrostatic  pressure  as  the 
vehicle  descends  to  its  assigned  depth.  To  function  properly,  this  type  of  penetrator  requires  a 
well  designed  outboard  c«ble.  The  cable  must  be  internally  watertight,  that  is,  the  conductor 
strands  and  cable  interstices  must  be  filled  with  a  mastic  or  elastomeric  compound  to  prevent 
water  passage  through  the  internals  should  the  cable  be  damaged  In  service.  In  addition,  the 
cable  must  be  designed  to  withstand  the  local  loading  applied  by  the  grommet.  The  dimensional 
tolerances  on  this  type  of  cable  must  be  closely  controlled. 
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Figure  2-3:  Single  Connector  Penetrator 
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Figure  2-5.  Through  Cable  Penetrator  with  O-Ring  Cable  Seal 


The  advantages  o f  this  penetrator  Include  low  comparable  costs  and  a  noninterruption  of  the 
electrical  circuitry  as  is  required  with  the  use  of  a  connector.  Regarding  the  limitations  of  this 
jam-type  cable  seal,  the  installer  must  determine  the  iproper  amount  of  pressure  to  apply  with  the 
gland  nut  so  as  not  to  damage  the  cable  and  conductors:  and  yet  enough  pressure  to  prevent  Inward 
cable  movement  when  the  penetrator  is  subjected  to  hydrostatic  pressure.  The  rubber  grommet 
packing  may  also  require  repressurization  occasionally  to  compensate  for  the  compression  set 
of  the  rubber  grommet  and  the  cable  jacket  material  cold  flow.  In  this  design,  the  grommet  seals 
the  cable  and  prevents  the  cable  intrusion  Into  the  vehicle.  A  cable  clamp  can  also  be  placed  out¬ 
board  to  prevent  cable  Intrusion.  Cables  with  a  diameter  of. 5/8  Inch  have  been  used  with  this 
type  of  fitting.  Cables  with  larger  diameters  have  made  use  of  the  grommet  cable  seals  in  con¬ 
junction  with  cable  shear  valves.  Stuffing  tubes  are  used  In  the  shear  valves  to  seal  the  cable: 
but  should  the  outboard  cable  be  damaged  In  service:  the  valve  handle  located  Inboard’ Is  turned 
and  it  activates  a  cylindrical  knife  which  cuts  the  cable  and  seals. the  cable  hole  located  In  the 
valve.  The  llmltatloojs  of  this  design  Include  large  penetrator  size  and  considerable  weight  as 
well  as  the  requirement  for  manual  operation  should  a:  cable  failure  occur. 

Shallow  depth,  low  cost  vehicles  have  used  the  grommet  penetrator  cable  seal.  However,  the 
present  state  of  the  art  In  penetrator  designs  does  not  necessitate  the  further  use  of  this  type 
penetrator  ca  shallow  or  deep  submergence  vehicles. 

2.2.5  THROUGH  CABLE  PENETRATORS  WITH  O-RING  CABLE  SEALS  —  The  O-rin^  sealed 
cable  penetrators  have  been  designed  by  the  U.S.  Navy  Underwater  Sound  Laboratory  (uow  U.S. 
Navy  Undersea  Systems  Center)  for  use  op.  submarine  radio  frequency  systems.  See  figure  2-5. 
These  systems  usually  require  coaxial  type  cables,  and  as  these  solid  conductor  polyethylene 
dielectric  cables  are  quite  rigid:  NUSC  engineers  found  tint  they  could  seal  these  cables  with 
oversize  O-rlngs.  The  polyvinyl  chloride  jacketed  cable  does  relax  and  cold  flow  with  time, 
temperature  and  pressure,  but  nctsufflclently  to  eliminate  the  initial  pressurization  of  the  fat 
O-rlng.  In  a  sense,  this  design  Is  similar  to  the  pressurized  grommet.  However,  the  initial 
rubber  pressurization  Is  achieved  at  Installation  through  Interference  fits  as  opposed  to  pres¬ 
surization  of  the  rubber  grommet  with  a  gland  nut  and  generally  is  of  much  lower  initial  pres¬ 
surization  than  Is  necessary  for  a  grommet  seal.  The  O-rlng  pressurization  increases  with  the 
application  of  hydrostatic  pressure. 

The  design  noted  above  is  strictly  depth  limited  and  can  only  be  used  with  a  most  rigid  construction 
cable  (such  as  coaxial  types). 

2.  3  PENETRATOR  DESIGN  RECOMMENDATIONS 

2. 3. 1  PENETRATOR  CLA&3  —  As  noted  earlier,  electrical  connector  type  penetrators  are 
recommended  for  DSVs.  Three  classes  of  penetrators  can  be  designed  to  satisfy  the  oceanic 
depths.  These  are  0-2000  feet,  0-20,000  feet  and  0-37,000  feet.  While  the  primary  design  work 
noted  in  this  Handbook  is  devoted  to  the  0-20,000-foot  operating  depth,  ^discussion  is  also  centered 
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to  a  limited  extent  on  the  other  two  operatlngdepihs.  Further  deslgn  and-invest'gating  work-in 
these  depth  classes  will  be  conducted  as  the  net'd  arises. 

Various, types  of  electrical  penetrators  are- required  to  satisfy  the  requirements. of  each  DSV. 

These  are  &3  follows  in  the  order  of'decreasing  current  carrying  requirements: 

a.  Power 

b.  Control 

c.  Radio  frequency 

d.  Signal 

2.3.2  PENETRATOR  DESIGN  -  0-20,000  FEET  --  As  various  connector  type  penetrator  designs 
are  evolved,  ,it  becomes  apparent  that  a  modular  type  penetrator  can  be  designea  to  house  alt 
of  the  above  functions  in  appropr iate  contact  configuration,  size  and  number..  Figure  2-S(exploded 
view)  illustrates  this  conclusion.  The  modular  or  building  block  concept  is  highly; desirable  be¬ 
cause  one  envelope  (with  proper  adapting  internal  parts)  can  satisfy  anelectrical  functions 
penetrating  the  hull  of  a  submersible.  Most  of  ths  ddrnponent  parts  would  be  identical  for  all 
functions.  One  hull  hole  size  would  be  standardized  with  no  need  for  varying  size  or  configuration. 

Contacts  and  contact  housing  components  are  the  only  variables  in  the  entire  design.  The  improve¬ 
ment  on  reliability ,  logistics  and  reduction  in  cost  is  aii  added  benefit.  The  modular  construction 
offers  the  required  flexibility  for  an  efficient  system  alteration,  or  changeto  an  entirely  new  one. 
The  internal  dimensions  of  the  penetrator  shell  make  efficientruse  of  space  in  accommodating  3 
number  0,  48  number  16,  85  number  20,  or  a  cosaial  contact  with  signal  contacts. 

The  design  could  be  used  at  all  lesser  operating  depths,  but  lor  greatest  efficiency  in  terms  of 
weight  and  cost,  the  design  would  be  most  appropriate  for  2.000  46,20, 000-foot  depths,  the 
modular  configuration  consists  of  a  penetrator.  shell  section  which  houses  compression  glass 
sealed  male  contacts.  The  shell  has  malethreads  at  the  outboard  and  inboard,  ends,  for  attach¬ 
ing  plugs  or  adapting  items  such  as  a  multi-connector  junction  box  outboard  or  a  standard 
type  junction  box  inboard.  The  penetrator  shell  is  shouldered  outboard,  providing  a  seal  area 
adjacent  to  thehull.  The  external  threads  on  the  inboard  end  also  provide  for  fastening  to  the 
hull  by  a  retainer  nut.  Where -a  multi-connector  junction  might  best  serve  in  a  signal  or  control 
function,  the  outboard  plug  is.  replaced  by  a  penetrator  junction  box  for  containing  wiring  and 
mounting  up  to  ten  receptacles.  The  junction  box  uses  the  same  threads  as  the  plug  and  has  a 
positive  locking  device  to  preventlinadvertent  removaF.  Thejunctionboxisprovidedwithanaccess 
cover,  which  threads  into  the  junction  box  shell.  The  cover  is  sealed  by  an  O-ring  face  seal  and 
an  O-ring  radial  seal.  The  shell  is  pentagonal  in  outer  section  and  has  a  cylindrical  bore. 

The  hull  penetrator  shell  configuration  used  in  this  modular  design  allows  for  two  internal  wiring 
approaches,  as  follows: 

a.  Two  compression  glass  sealed  male  contact  headers,  double  O-rlng  sealed  and  secured  by 
threaded  retainer  sleeves  in  contact  with  polarizing  rings.  These  headers  are  interconnected 
by  a  potted  wiring  preform  terminated  with  socket  contacts,  (seefigure  2-7). 
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b.  A  one-piece  shell  construction  containing  long  male  contacts  extending  between  Inboard  and 
outboard  socket  contact  engaging  levels,  the  contacts  arc  Individually  compression  glu>3, 
sealed  (or  their  entire  length, or  at  Inboard  and  outboardJevels  (see  flgure-2-8).  thls-.desigh 
Is  far- superior  from  a  functional  point  of  view  because  It  eliminates  four  O-rlng  seals  and' 
two  electrical  Interfaces',  and  presents  a  continuous  water  dam  extending, the  entire  length 
between  Inboard  astd  outboard  faces. 

The  inboard  electrical  connection' for  the  penetrator  Is  accomplished  by  a  plug,  conventional /in 
all  rospects,  except  seals  and  mass.  Being  inboard, It  only  requires  environmental  type  seals  and 
Is  constructed  with  less  emphasis  on  strength  and  continuous  corroBton  resistance  In  a  sea  water 
environment.  A  potted  cable  end  seal  provides  the  required  cable  strain  relief  at  the  plug; 

Wiring  of  the  multi-connector  Junction  box  penetrator  can  be  accomplished  by  one  of  two  methods. 
One  method  ue-s  a  prefabricated  wiring  assembly  with^ Individual  Internal  plugs  which  connect  to 
the  back  of  the  receptacles.  This  would  look  much  like  the  assembly  shown  in  figure  2-9.  The 
other  method  employs  a  complete  cavity  filling  wired  preform  whlch  slldes  into  place  through 
the^top  opening  In  the  junction  box  shell,  (see  figure  2-10).  The  bottom  surface  of  this  preform 
engages  (by  socket 'contact)  the  header  pir.'  contacts,  located  In  the  penetrator  shell.  Socket  contact 
locations  around  the  periphery  engage  the  pin  contacts  of  the  Individual  receptacles.  These  pre¬ 
forms  are  cylindrical  In  shape  with  flats  at  each  receptacle  Interface  area.  The  preform  is  sized 
for  a  slight  interference  fit  and  cast, from  a  low  durometer  material  such  as  silicone  rubber.  This 
-approach  facilitates  wiring  of  the  Junction  box  and  enhances  its  electrical  reliability  because  all 
conductors, can  be  properly  spaced  and  located,  and  their  relative  position  remains  constant  through¬ 
out,  the  life  of  the  penetrator.  Wiring  Is  completed:by  inserting  a  double  O-rlng  sealed  receptacle 
Into  each  body;  hole  and  securing  It  with  cap  screws.  This  receptacle  has  male  contacts  .projecting 
from  the  back  (engaging  end)  and  Is  otherwise  conventional,  and  males  with  a  conventional  type 
plug  descrlbed  ln  other  sections  of  this  Handbook. 

•  ,  .  .<> 

The  cylindrical  preform  method  of  wiring  is  recommended  because  it  does  away  with  time  con¬ 
suming  blind  assembly  methods  and  adds  significantly. to.overall  reliability,  this  method  has  a 
further  advantage  in  that  it  permits  wiring  of  a  much  smaller  diameter  body  cavity,  thus  reducing 
tho  overall  space  envelope  and  weight. 

Outboard  cable  strain  relief  and  protection  peripheral  to  the  multi-connector  junction  box  shell 
Is  afforded  by  a  halo  like  device.  This  device  Is  a  split  clamp-on  type  with  a  circular  channel  for 
securing  the  cable  as  it  exits  from  each  plug.  See  figure  2-11. 

2.4  PENETRATOR  DESIGN  PARAMETERS 

The  design  of  ah  electrical  hull  penetrator,  as  with  the  design  of  any  component,  requires  the 
consideration  of  many  design  factors,  These  are  listed  on  table  2-1. 

The  following  paragraph's  deal  with  the  deaigmof  electrical  connector  type  penetrators  recommended 
for  use  on  DSVs. 
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Table  2-1.  Electrical  Penetrator  Design  Factors 

1.  Configuration 

2.  Cable  Entry  Configuration 

3.  Size 

4.  Fastening  -^Penetrator  to  Hull 

5.  Sealing  -  Penetrator  to  Hull. 

6.  Hull  Insert  Type 

7. -  Insulation  and  Seal  -  Conductor 

8.  Flexibility  -  Design 

9.  Material  Selection 

10.  Corrosion  Properties 

11.  Fabricabillty 

12.  Safety 

13.  Strength 

14.  Stiffness 

15.  Thermal  Properties 

16.  Cost 


Together  with  basic  design  (actors  of  table  2-1  there  arc  . many  design  considerations  which 
strictly  apply  to  electrical  penetrator*.  Some  of  these  considerations  are  as  follows: 

a.  All  penetrators,  in  order  to  preserve  thenecessary  hull  Integrity  in  case  of  outboard  cable 
damage,  must  have- two  positive  water  dams  withlri  their  confines  that  will  preclude  water 
entering  the  pressure  hull  by  coursing  along  the  conductors.  This  applies  unless  It  can  be 
demonstrated  that  one  contact  seal  has  sufficient  sectlon  such  that  It  affords  an  equal  degree 
at  protection  of  pressure  hull  lntcgrlty.  This  barrier  is  best  obtained  by  compression  glass 
sealed  contacts  In  all  receptacle  headers  for  deep  depth  applications. 

b.  There  should  be  one  redundant  seal  as  a  backup  to  the  primary  seal  in  all  outboard  openings 
In  a  penetrator  shell.  These  would  include  openings  for  access  covers  and  receptacle  entry 
holes.  The  exception  would  be  where  a  structural  sealing  weld  Is  used. 

c.  There  should  be  one  redundant  seal  as  a  backup  to  the  primary  seal  between  the  penetrator 
and  hull.  This  applies  unless  it  can  be  demonstrated  that  one  seal  has  sufficient  section,  that 
It  affords  an  equal  degree  of  pressure  Integrity  protection,  such  as  a  structural  weld. 

d.  Materials  and  configuration  should  provide  inherent  resistance  to  fault  current  damage  that 
would  effect  hull  integrity. 

e.  Materials  and  configuration  should  provide  inherent  resistance  to  electrolytic  corrosion 
resulting  from  stray  leakage  current.  Very  slight  difierences  in  potential  can  erode  rel¬ 
atively  thick  metal  sections  in  a  very  short  period  of  time,  thus  impairing  hull  Integrity. 

f.  The  possibility  of  a  critical  degree  of  galvanic  coupling  must  be  considered  when  making  a 
material  choice  for  the  penetrator  sheik  Surface  contours  and  areas  that  interface  with  the 
hull  should  be  such  as  to  prevent  entrapment  of  salt  water  which  concentrates  and  contributes 
to  crevice  corrosion.  Where  these  areas  do  occur,  they  should  be  kept  at.  a  minimum  by 
propervlocation  of  sealing  gaskets.  Areas  that  remain  should  be  filled  with  a  mastic. sealant. 

It  is  imperative  that  the  method  of  mounting  the  penetrator  to  the  hull  provide  good  electrical 
continuity  with  the  hull.  ThC'liull  is  normally  the  anodic  member  of  the  electrical  couple, 
thus  affording  the  penetrator  a  high  degree  of  protection  from. corrosion. 

g.  The  method  of  securing  the  penetrator  to  the  hull  should  also  provide-for  its  easy  removal. 

If  this  is  accomplished  by  an  inboard  locknut,  the  penetrator  must  be  provided  with  a  torque 
lock  which  properly /orients  the  penetrator  and  prevents  rotation  on  its  seals  during  torquing 

of  the  locknut.  The  locknut  should-be  provided  with  an  integral  locking  device  to  prevent  loosen¬ 
ing. 

h.  Unless  the  particular  system  being  serviced  precludes  sm  electrical  disconnect,  the  inboard 
end  of  the  penetrator  should  be  provided, this  feature.  A  connector  at  this  point  provides  a 
test  point  for  checklng  outboard  circuitry.  It  also  greatly  facilitates  wiring  and  installation 
of  the  penetrator,  doing  away  with  a  long  run  of  wires  or  cable  that  must  be  threaded  through 
small  openings  and  constantly  protected  against  damage  during  fabrication,  shipment  and 
installation. 
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1.  Adequate  wire  or  cable  strain  relief , must  be  provided  at  the  Inboard  end  of  the  penetrator 
to  prevent  unwanted  strain  on  seals  and  wire  terminations  within  the  penetrator,  or  termi¬ 
nations^  within  a  plug  If  a  connector  Is  used. 

j.  The  overall  design  should  be  such  that  the  penetrator  can  be  completely  hydrostatically 
pressure  tested  prior  to  Installation.  This  should  be  done  with  all  seal  conditions  identical 
to  those  at  Installation. 

k.  The  configuration  of  the  penetrator  must  be  such  that  It  can  be  easily  wired  without  the  need 
for  time  consuming  or  blind  assembly  procedures  dictated  by  insufficient  cavity  or  poor 
internal  contour.  This  consideration  has  a  most  important  bearing  on  electrical  reliability 
of  the  penetrator. 

l.  The  penetrator  and  its  Internal  wiring  must  be  designed  to  facilitate-  in  the  greatest  possible 
manner  any  circuit  repair  or  modification  that  may  be  required. 

m.  All  wire  terminations  within  the  penetrator  cavity  should  be  sealed  and  supported.  This 
combined  moisture  barrier  and  strain  relief  ds  readily  accomplished  by  soft  potting  com¬ 
pounds. 

n.  Protection  and  means  of  securing  outboard,  cables  at  the  point  of  departure  from  the  pene¬ 
trator  is  most  important  for  system  reliability. 

o.  All  outboard  cable  assemblies  attached  to  the  penetrator  by  means  of  a  removable  plug  must 
have  a  positive  water  dam  as  close  as. possible  to  the  plug  receptacle  interface,  preferably 

in  the  nose  of  the  plug.  This  prevents  water  from  flooding  into  the  receptacle  vrom  a  damaged 
outboard  cable,  and  causing  extensive  electrical  damage  if  the  circuit  happened  to  be 
activated.  4 

p.  Any  outboard  electrical  interface  of.  a  penetrator  that  can be, inadvertently  exposed  to  sea 
pressure  should  withstand  a  test  pressure  in  the  exposed  condition  of  at  least  one  and  one- 
half  times  the  operating  preesure.  Otherwise,  hull  integrity  is  jeopardized.  Receptacles 

in  which  the  contacts  are  compression  glass  sealed  very  effectively  satisfy  this  requirement. 

q.  Electrical  connector  selection  is  a  most  important  consideration,  it  is  the  one  component 
most  initially  affecting  penetrator  reliability. 

r.  The-ideal  penetrator  configuration  provides  for  packaging  a  high  conductor  density  in  a 
minimum  envelope  having  minimum  projection  from  the  hull. 

s.  Excess  penetrator  weight  must  be  avoldedA  Any  excess  weight  reduces  the  submersible's 

payload  ;pound  for  pound.  \ 

t-  The  penetrator  must  be  free  of  electrical  (electromagnetic  and  electrostatic)  and  electro¬ 
acoustic  Interference  for  ail  conductors  passing  through  the  penetrators. 

u.  A  leak  detection  system  for  the  penetrator  junction  b\«  should  be  considered. 
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w.  These  lection  of  materials  and  the  design  of  the  power  penetrator  should  be  such  that  flooding 
of  the  receptacle  Interface  or  of  the  penetrator  internals  through  some  casualty  of  an  energized 
penetrator  will  not  electrically  burn  Its  way  through  the  seal(s)  before  the  current  protective 
devices  de-energize  the  circuits. 

2.4. 1  CONFIGURATION  —  Increased  weight  in  penetrators  brings  about  a  loss  of  payload  on 
subtverslbles.  Therefore,  size,  configuration  and  material  selection  play  an  important  part  in 
the  penetrator  design.  Penetrators  are  essentially  pressure  vessels  subjected  to  external  pres¬ 
sures.  For  this  reason,  they  are  cylindrical  in  shape.  The  diameter  of  the  penetrator  is  held  to 
an  absolute  minimum.  Just  enough  space  is  provided>to  allow  the  cables  to  enter  the  hull,  exit 
the  penetrator,  or  allow  theicohnectors  to  be  mounted. and  wired.  To  date,  most  penetrators  have 
been  fabricated  from  K-Monel,  high  strength. steels,  type,  316  stainless  steel,  17-4  PH  stainless 
steel  and  7079T6  aluminium.  Future  penetrator  designs. will  undoubtedly  make  use  of  Inconel  625, 
Hastelloy  C,  glass  reinforced  plastics,  and  Titanium.  Material  choice  is  made  on  the  basis  of 
compatibility  between  the  hull  and  connectors,  with  other  materials  and  corrosion  resistance, 
yield  strength,  bulk  modulus,  weight,  machinatylity  and  availability  considerations.  Penetrator 
configurations  used  in  the  past  and  at  present  are  shown  throughput  this  section. 

2;4;2  CABLE  ENTRY  CONFIGURATIONS  -t  The  cables  can  enter  penetrators  vertically,  hori¬ 
zontally  or  at  an  angle.  Cables  that  enter  theTittiiig  in  a  vertical  position  offer  the<least  design 
advantages.  For  this  design,  cable  protection  becomes  a  problem,  and  it  is  necessary  to  bend 
the  cable  at  a  right  angle  in  order  to  secure  it  to  the  hull  before  it  enters  the  penetrator.  The 
vertical  cable  entry  also  increases  the  overall  size  of  the  penetrator.  For  these  reasons  it  is 
usually,  desirable  to  have  the  cables  enter  the  penetrator  horizontally.  Thus,  the  cables  can  be 
protected  and, supported/more  easily  and  the  oveiall  penetrator  package  size  is  lessened.  A 
number  of  configurations  are  shown  in  figure  2-12. 

2.4.3  SIZE  --  The  overall  diameter  of  the  penetrator  is  primarily  dependent  upon  two  design 
factors: 

a.  Contact  layout  diameter 
b;  Penetrator  shell  thickness 

The  contact  layout  diameter  is  dependent  on  the  size  of  contacts  or  wire  used;  the  Insulation  over 
the  contacts  or  wires;  and  the  number  of  contacts  or  wires  desired  in  the  layout  pattern.  As  the 
number  of  contacts,  increases ,  the  overall  diameter  of  the  layout  does  not  increase  proportionately. 
For  instance,  24  number,  16  size  contacts  can  be  located  within  a  1-1/4  inch  diameter  and  48 
number  16  size  contacts  can  be  located  within  a  2-inch  diameter  layout. 

The  receptacle  shell  thickness  is  hot  strictly  based  on  hydrostatic  pressure  considerations.  Such 
design  elements  as  seals  ' and  fastening,  methods  must  be  considered  in  the  design.  As  design  lay¬ 
outs  are  made,  it  is  seen  that  the  shell  thickness,  for  instance,  of  a  24-pin  layout  will  be  as  targe 
as  that  for  a  48-pin  layout.  From  this,  It  can  be  concluded  that  overall  penetrator  weight  savings 
can  be  realized  by  using  fewer  penetrations  having  a  higher  contact  density;  Also,  the  overall 


penetrator  envelope,  can  be  significantly  reduced  by  using  smaller  sized  contacts  ^within the 
penetrator:,-  For  instance;  85  number  20  size  contacts  will  occupy  the  same  area  as  48 
number  16  size  contacts.  Figure  2-13  shows  a  typical  penetrator  envelope  dimension  develop¬ 
ment  for  various  pin  layouts. 

2.4.4  FASTENING  -  PENETRATOR  TO  HULL  —  This  important  penetrator  design  element  is 
probably  one  of  the  leastcontroversial  design  selection  items.  As  seen  in  figure  2-14'there  are 
many  possible  methods  of  attaching  the  penetrator  to  the  pressure  hull.  However,  since  the  early 
1930's  most  designers  have  used  an  internally  located  lock  nut  to  fasten  the  penetrator  body  to 
the  hull.  This  design  uses  less  space  as  compared  to  the  flange  bolted  types.  Several  factors 
must  also  be  considered  when  designing  the  fastening  mechanism.  They  are  cost,  watertightness, 
ease  of  installation,  ease  of  replacement,  strength  and  safety.  One  of  the  simplest  methods  is 
screwing  it  directly  Into  the  hull.  This  design  is  not  favored,  however,  as  it  is  impossible  to 
properly  polarize  the  penetrator.  Also,  threading  the  hull  poses  machining  and  stress  concentra¬ 
tion  problems.  If  a  hull  insert  is  used,  threading  is  more  practical  but  problems  could  also  be 
introduced  here  due  to  distortion  of  the  threads  following  Insert  welding  into  the  hull.. 

As  engineers  are  reluctant  tobolt  directly  into  the  pressure  hull  due  to  the  initiation. of  stress 
concentration  areas  the  bolted  flange  method  may  require  a  hull  insert.  Also,  the  bolted  flange 
penetrator  consumes  a  larger  surface  area  at  the  outboard  side  of  the  hull. 

Adhesive  fastening  can  be  considered,  but  as  yet  the  confidence  level  of  this  type  of  system, 
especially  in  a  salt  water  environment,  does  not  warrant  its  use  at  this  time.  The  penetrator 
can  also  be  fastened  to  the  hull  by  weld.  This  alsotakes  care  of  the.  penetrator  to  hull  sealing 
requirement.  While  this  type  of  design  is  very  conserving  of  space,  it  is  not  recommended  for 
DSVs,  however,  as  the  attachment  is  rather  permanent  (welds  require  grinding  for  removal), 
and  this  hampers  replacement  for  maintenance  and  design  changes.  Also,  problems  sometime 
arise  due  to  the  need  for  performing  bl- metallic  welds.  Some  hull  materials  used  in  past  years  are 
not  conducive  to  welding  (7079  aluminum  for  instance).  As  a  result  of  the  above  the  use  of  the 
internal  lock  nut  fastening  methods  is  recommended. 

2.4. 5  SEALING  -  PENETRATOR  TO  HULL  —  As  noted  earlier,  the  recommendation  has  been 
made  to  provide  primary  and  secondary  seals  for  the  penetrator  to  the  pressure  hull.  As  seen  in 
figure  2-15  there  are  many  possible  seal  mechanisms  to  consider  in. sealing  to  the  hull.  Adhesive 
sealing  is  a  possibility. but  is  not  strongly  considered  in  this  application  due  to  the  lack  of  avail¬ 
able  data  of  adhesive  systems  in  a  salt  water  environment,  and  the  iuj^st^'requjreipnt'that' 
the  penetrator  be  easily  replaced  for  maintenance,  inspection  and  possible  change  if  required 

as  is  often  the  case.on  a  research  vehicle  due  to  mission  equipment  changes. 

The  penetrator  could  be  seatled  with  a  jam  type  flat  gasket.  However,  this  method  is  not  recom¬ 
mended  as  this  type  of  seal  normally  requires  repressurlzatlon  from  time  to  time.  The  most 
positive  method  of  sealing  to  the  hull  Is  welding.  In  this  manner,  a  reliable  seal  is  obtained.  This 
type  of  seal  is  also  rugged  and  not  as  apt  to  be  damaged.  However,  as  with  adhesive  type  seals, 
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Figur?  2-14.  Penetrator  to  Hull  Fastening  Methods 


Figure  2-15.  Penetrator  to  Hull  Sealing  Methods 
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It  is  not  easy  to  detach  or  replace  the  penetrator  when  repairs  or  changes  are  necessary.  For 
Ots  reason  it  is  not  suggested  for  DSVs. 

The  automatic  squeeze  type  gasket  such  as  an  O-rlng  lias  been  successfully  used  for  years  as  a 
primary  and  secondary  seal  gasket.  This  type  of  seal  offers  the  designer  both  flexibility  and 
reptaceability.  O-rings  seals  are  simple  in  design,  compact,  efficient,  and  economical.  O-ring 
seals  become  increasingly  more  effective  as  greater  pressure  is  applied  in  metal-to- metal  O-ring 
seal  designs.  O-ring  extrusion  is  possible  in  radial  seal  applications  but  this  is  countered  with 
the  use  of  backup  washers  for  higli  pressure  applications.  O-riiigs  are  easily  replaced  and 
readily  available,  thus> facilitating  maintenance.  O-ring  seal  designs  have  been  used  by  the  Navy 
in  similar  applications  with  great  success  in  past  years.  For  these  reasons,  they  are  recommended 
in  this  application  as  penetrator  primary  and  secondary  seals. 

Another  seal  type  which  has  found  use  in  past  years  and  has  proven  acceptable  is  the  metal-to- 
metal  tapered  seal.  In  this  application,  a  tapered  penetrator  body  is  fitted  into  a  tapered  hole. 
Eighty  percent  metal-to-metal  contact  is  desired  to  maintain  the  required  seal.  This  type  of  seal 
has  been  used  as  a  secondary  seal  in  a  number  of  penetrator  applications.  One  of  the  primary 
reasons  for  the  use  of  this  type  seal  is  that  this  penetrator  body  provides  reinforcement  to  the  hull 
sphere  if  the  tapered  interface  is  properly  designed.  The  disadvantage  of  this  type  seal  is  the 
fine  Machining  required  to  provide  the  proper  metal-to-metal  interface  between  the  penetrator 
and  hull  which  generally  requires  custom  fitting  of  the  penetrator  to  the  tapered  hole. 

2. 4. 6  HULL  INSERT  TYPES-—  A  large  number  of  hull  insert  types  or  hole  configurations  have 
been  used  in  underwater  vehicles.  The  basic  types  are  depicted  in  figure  2-16.  For  instance,  the 
shallow,  low  cost  vehicles  have  made  use  of  hull  Inserts  with  threaded  holes.  In  this  case  the 
single  connector  penetrator  is  screwed  into  the  insert  and  O-ring  sealed  on  the  face  of  the  insert. 

A  number  of  vehicles  have  made  use  of  a  tapered  hole,  machined  directly  into  a  thickened  section 
of  the  hull.  Another  vehicle  penetrator  hole  is  conical  in  shape.  A  plastic  gasket  is  pressurized  in 
the  cone  area  by  tightening  the  penetrator  body  with  the  inboard  lock-nut.  The  other  hull  inserts 
shown  have  been  used  at  various  times  on  U.S.  Navy  vehicles.  Most  use  full  penetration  welds  at 
the  insert  hull  interface.  The  penetrators  are  O-ring  sealed  to  the  hull  inserts  in  all  cases.  As 
seen  in  figure  2-17,  the  insert  merely  replaces  the  metal  removed  in  the  hull  for  the  penetrator 
to  pass  through.  The  hull  insert  material  is  the  same  as  that  used  in  the  hull.  A  welded  noble 
metal  cladding  is  used  in  the  O-ring  seal  area  in  all  cases  for  corrosion  resistance  purposes 
unless  the  hull  material  is  a  noble  metal. 

Where  possible,  it  is  recommended  that  the  penetrator  be  loose  fitted  and  O-ring  sealed  in  the 
pressure  hull  in  a  tapered  hole.  Should  the  external  portion  of  the  penetrator  be  sheared  off,  then 
the  remainder  cf  the  shell  would  plug  Itself  into  the  tapered  hole.  A  tapered  hole  is  favored  over 
a  stepped  hole  as  sl.-'wn  in  figure  2-16  due  to  the  absence  of  the  stress  concentration  present  in 
a  stepped  hole. 
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A  tapered  hole  In  which  the  penctrator  is  interference  fitted  to  the  hole  in  the  hull  can  be  used. 
However,  it  has  the  disadvantage  of  being  more  difficult  to  machine  as  tne  tapered  fit  must  have 
at  least  80  percent  contact  to  provide  the  desired  bearing  area.  Also,  complete  interchangeability 
between  penetrators  and  all  holes  in  the  hull  is  somewhat  impaired  due  to  type  of  select  machining 
operations  required  to  obtain  the  proper  fit  between  all  holes.  This  type  of  penetration  can  intro¬ 
duce  hull  weight  savings;  however  ,  as  the  penctrator  can  be  often  times  designed  to  withstand 
the  hull  hoop  stresses  present  around  the  hole  during  vehicle  deep  submergence  conditions.  The 
penetrator  shell  is  larger  in  diameter  and  is  heavier  to  withstand  the  stresses  imposed;  however, 
the  hull  may  not  have  to  be  thickened,  in  the  hole  area  to  compensate  for  the  hole  placed  in  the  hull. 
These  factors  must  be  considered  during  the  design  of  the  vehicle  pressure  sphere. 

2.4.7  INSULATION  AND  CONDUCTOR  SEAL  —As  seen  from  the  basic  types  of  penetrators 
noted  earlier,  many  types  of  seals  are  used  to  penetrate  the  hull  of  a  submersible.  These  include; 

a.  Internally  watertight  cable  with  stuffing  tuba  grommet  or  O-ring  outer  cable  seals, 

b.  Single.eonnector  penetrators  with  contacts  sealed  and  insulated  with  plastic  materials 
such  as  epoxies, 

c.  Potted  type  penetrators  w  ith  terminals  ,  sealed  in  plastic  and  cable  ^sealed  with  molded 
elastomeric  boots, 

d.  Multi-connector  penetrators  utilizing  primary  seal  connectors  with  contacts  sealed  with 
compression  glass  or  plastic  (epoxy)  compounds.  The  secondary  wire  seal  in  some  cases 
has  been  sealed  with  a  stuffing  tube  grommet  or  a  glass  or  epoxy  contact  insert. 

Not  all  penetrators  have  used  primary  and  secondary  conductor  seals  .at  the  pressure  hull  of  the 
submersible.  This,  however,  is  felt  to  be  mandatory  for  safe  vehicle  design.  Should  the  primary 
seal  fall,  then  a  secondary  seal,  preferably  locatqd  on  the  inboard  side  of  the  penetrator,  would 
provide  the  necessary  water  dam  to  protect  the  vehicle  until  it  can  reach  the  surface. 

Internally  watertight  cables  (per  MIL-C-915)  have  been  used  to  penetrate  shallow  submersible 
hulls.  The  cables  have  been  sealed  with  primary  and  secondary  stuffing  tube  grommet  seals 
(figure  2-J).  This  type  of  seal  is  not  recommended.  The  assembly  cannot  be  tested  once  Installed, 
therefore  the  rtal  is  dependent  upon  the  workmanship  of  the  cable  manufacturer  and  the  installing 
mechanic's  skills  and  attention  to  detail  to  properly  seal  the  cable  internals.  This  is  felt  to  be  too 
great  a  risk  to  take  for  a  critical,  seal  condition  of  this  type.  This  type  of  seal  also  does  not  allow 
a  desired  cable  disconnect  point  at  the  pressure  null. 

Another  type  of  seal  used  is  the  potted  and  molded  design  as  depicted  in  figure  2-2.  Here  the 
.primary  seal  is  a  shouldered  terminal- press  fitted  Into  a  steel  header  insert.  The  secondary 
seal  is  provided  by  epoxy  potting  terminal  junctions  in  the  penetrator  shell.  This  type  of  fitting 
has  proven  acceptable.  The  primary  seal  can  be  hydrostatically  pressure  tested  prior  to  molding 
the  cables  to  the  penetrator,  however,  the  secondary  potted  seals  cannot  be  tested.  Another 
disadvantage  to  this  type  of  penetrator  is  the  lack  of  a  cable  disconnect  point  at  the  pressure  hull. 


Single  collector  penetrators  which  are  screwed  In,  bolted  or  secured  by  a  lock  nut  into  a  hull 
insert  are  not  acceptable  in  themselves  as  a  DSV  conductor  seal  as  they  do  not  provide  a  secondary 
wire  seal.  Should  the  connector  bo  sheared  from,  the  hull,  water  would  course  through' the  open 
hole  in  the  hull.  A  secondary  cable  or  conductor  seal  is  mandatory  for  safety  considerations.  A 
number  of  designs  have  used  a  connector  primary  seal  and  a  wire  secondary  grommet  seal.  This 
design  has  been  consldered„acceplable.  However,  it  must  be  realized  that  the  wire  secondary 
grommet  seal  has  hydrostatic  pressure  limitations.  Also,  the  secondary  seal  is  not  readily  test¬ 
able  prior  to  Installation. 

The  optimum  design  single  connector  penetrator  Is  one  In  which  the  conductor  seals  are  located 
in  the  penetrator  shell  Immediately  Inboard  and  outboard  of  the  shell.  The  conductor  seals  should 
also  have  the  capability  of  being  pressure  tested  prior  to  installation  on  the  vehicle.  The  second¬ 
ary  seal  should  also  remain  intact  and  functioning  should  the  primary  seal  be  accidentally  destroyed; 
These  features  can  best  be  obtained  by  locating  a  connector  inboard  and  outboard  of  the  pene¬ 
trator  shell  as  shown  in  figure  2-3. 

The  multi-connector  penetrator  is  essentially  the  same  as  a  single  connector  design,  but  with 
many  connectors  located  on  the  outboard  side  of  the  penetrator  shell.  In  this  case,  each  connector 
provides  a  wire  .primary  seal.  The  wire  secondary  seal  is  usually  provided  by  a  large 'connector 
located  on  the  inboard  side  of  the  fitting  as  shown  in  figure  2-4. 

In  summary,  a< single  connector  penetrator  is  recommended  where  the  outboard  electrical  sys¬ 
tem  dictates  that  the. junctidn  box  be  located  at  a  remote-point  on  the  vehicle.  In  other  cases,  it 
Is.recornmended  that  the  junction  point  be  located  directly  at  the  penetrator.  Most  designs  in  use 
on  United  States  Navy  submersibles  use  multi-connector  penetrators.  Designs  of  this  type  ensure 
that  if  one  external  cable  is;damaged,  the  entire  systemperformance  is  not  jeopardized. 

2.4.8  FLEXIBILITY  -  DESIGN  --  Flexibility,  as  it  pertains  to  a  penetrator,  is  the  ability  to  be 
changed  or  modified  to  accommodate  various  systems'  or  mission  requirements.  This  can  be  readily 
achieved  by  a  modularized  or  building  block  design.  A  penetrator  shell  is  used  which  is  sized  to 
house  power,  control,  sigrkLvid  radio  frequency  circuits.  The  primary  and  secondary  contact 
seals  (header  inserts)  can  be  changed  to  accommodate  these  four  types  of  circuits  as  follows: 

a.  Forty-eight  No.  16  size  contacts  -  control 

b.  Eighty-five  No.  20  size  contacts  -  signal 

c.  One  coaxial  contact  -  radio  frequency,  additional  contacts  for  control  circuits  can  be  included. 

d.  Three  No.  1/0  contacts -  power 

Secondly,  the  penetrator  is  designed  to  allow  the  outboard  cable  junction  box  to  be  mounted  directly 
to-the  penetrator  shell  or  at  a  location  remote  from  the  penetrator.  In  this.case,  a  single  connector 
plug  is  connected  to  the  pepetrator  and  the  cable  runs  to  the  junction  box  which  is  located  close 
to  the  components  being  serviced. 

The  recommendation  of  a  single  penetrator  shell  size  permits  the  use  of  one; size  hole  to  be 
machined  Into  the  pressure  sphere  of  the  vehicle.  This  allows  switching  of  penetrator  at  any  time 
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during  the  life  of  the  DSV-  without  replacement- of  the  hull  Insert.  The  design  as  recommended 
in  this  Handbook  offer;,  the  system  engineer  maximum  flexibility  in  the  des;gn  and  use  of  circuitry 
for  the  DSV. 

2.4.9  MATERIAL  SEl£CTION  —  The  selection  of  material, in  component  design  is  always  one  of 
the  most  critical  factors  in  the  design  process.  For  instance,  material  choice  affects  corrosion 
resistance^  the  penetrator  in  the  sea  water  environment,  the  strength  and  consequent  size  and 
weight  of  the  penetrator,  the  fabricability  (machinabililv)  of  the  penetrator,  the  overall  cost,  the 
ability  to  withstand  casualties,  and  the  ability_of.the.materiDl.to„withstand  the  thermal  shock  of 
the  oceanic  environment.  Materials  suitable  for  the  marine  environment  ire  covered  in  section  5. 
However,  the  discussion  here  centers  on  the  reasons  for  recommending  titanium  alloy  for  pene- 
trators  at  0  to  2 3 .  dG0,-f oot  operating  depths.  Major  factors:  influencing  the  selection  of  titanium 
are  its  excellent  strength  t  //eight  ratio,  corrosion  resistance  in  sea  water,  and  the  material's 
availahility  in  various  shapes  and  sizes.  Titanium  is  slightly  more  difficult  to  machine  than 
stainless  steel,  and  the  cost  per  pound  of  barstock  is  at  least. triple  that  of  stainless  steel  at  this 
time.  The  weight  of  titanium,  however,  is.only  approximately  half  that  of  stainless  steel, 

Penetrator  weight, is  an  important  consideration  on  DSVs  as  it  affects  the  payload  of  the  vehicle. 
Figure  2-17  is  designed  to  graphically.relate  the  variables, controlling  hull  penetrator  weight. 

The  analysis  is  somewhat  simplified  to  avoid  the  confusicn.  of  too  much  detail.  The. basic  .pene¬ 
trator  form  is  depicted  as  a  flat  cover  plate  and-lwo  hollow  cylinders.of  different  diameters. 

Preliminary  layouts  using  arbitrary  combinations  of  receptacles  dictated  that  the  larger  cylinder 
have  a  4-inch  inner  diameter.  Wiring  space  requirements  and: hull  configuration  led  to  establishing 
the  inner  diameter  of  the  small.cylinder  at  1  3/4- inches  and  its  length  at  7  inches;  the  large  outer 
cylinder  was  found  to  require  a  7  1/8-inch  length  to  accommodate  the  desired  number  of,  recep¬ 
tacles.  The  cover's  dimensions  are  not  arbitrary  and  must  be  found  from  stress  equations  as  must 
all  other  geometric  measurements.  These  are: 

a.  Outside  diameter  oLthe  large  cylinder  of  the  penetrator 

b.  Outside  diameter  of  the,  small  cylinder  of  the  penetrator  (see  page  2-28) 

These,  in  turn,  are  a  function  of  material  strength  and  mission  hydrostatic  pressure  and  are 
related  through  elastic  stress  equations.  Once  these  variables  are  evaluated  the, penetrator  weight 
can  be  established.  The  curves  bearing  material  designations  "SST  ty  316,"  "Hastellby  C, " 
etc,  are  plotted  by  assuming  various  depth  requirements  and  calculating  corresponding  weights  jf 
the- penetrator.  Different  materials  have  different  densities  and  allowable  stress  levels,  the  latter 
determining  the  wall  thickness  of  each  cylinder  and  the  cover  plate  thickness  and  diameter.  These 
dimensions  coupled  with  the  material  density  allow  the  calculation  of  penetrator  weight.  Thus,  for 
any,  material  a  penetrator  weighbean  be  calculated  that  corresponds  to  a  specific  depth.  The  series 
of  points  established  for  any  one  material,  in  this  manner  are  then  joined  with  a  smooth  curve..  This 
process  results  in  establishing  the  weight  -  depth  relationship  for  the  geometric  form  shown.  The 
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above  procedure  is  repeated  for  all  the  materials  considered  and  results  in  the  graph  shown  as 
figure  2-17. 


Shown  in  the  figure  are  two  shaded  areas.  The  upper  region  represents  penetrators  of  outer  cylin¬ 
der  waii  thickness  exceeding  one-inch  which  was  arbitrarily  chosen  as  the  maximum  wall  thick¬ 
ness  based  on  resulting  penetrator  weight.  The  lower  shaded  area  corresponds  to  the  minimum 
allowable  wall  thickness  which  is  dictated  by  geometric  considerations.  This  represents  the 
least  possible  wall  thickness  consistent  with-O-ring  groove  and  sealing  areas  required  for  the 
receptacles  penetrating.the  cylinder  wall  and  the  cover  attached  to  the  top  of  the  cylinder;  (No 
consideration  of  buckling  failure  was  investigated  in  the  lower  region). 

Included  in  the  graph  are  the  dashed  lines  intersecting  the  material  curves.  These  are  lines  of  con¬ 
stant  wall  thickness  (larger  cylinder)  and  are  provided  as  a  convenience  in  comparing  depth  capa¬ 
bility  and  corresponding  weight  of  penetrators  of  equal  wall,  thickness  bubfabricated  from  different 
alloys. 

The  configuration  of  recommended  designs  does  not  preclude  the  use  of  high  yield  strength  steels, 
nickel  alloyed  steel  such  as  316 L,  Inconel  625  or  Hastelloy  C  for  the  low  and  medium  penetrator 
operating  levels.  However,  their  use  as  a  substitute  for  titanium  is  difficult  to  justify  when  a 
comparison  is  made  in  the  categories  of  weigh!  and  strength.  Hydrostatic  pressure  experienced 
at  the  upper  end  of  the  operating  range  precludes  their  use  in  the  recommended  design.  Therefore, 
the  use  of  titanium,  composition  6,  6AL-4V  per  MIL-T-9047  is  recommended  throughout.  The 
oxygen  content  in  this  material  should  not  exceed  1600  parts  per  million. 

2.4. 10  SAFETY  --  Overall  safety  considerations  of  the  personnel  in  the  DSV  is  one  of  the  major 
objectives  of  the  Handbook.  The  Failure  Modes  and  Effects  Analysis  (FMEA)  discussion  in 
section  6  aptly  describes  the  possible  penetrator  failure  modes  and  the  resulting  effects  on  the 
mission.  This  type  of  component  and  system  analysis  must  be  conducted  by  the  engineer  tc  assure 
a  successful,  design.  The  analysis  also  assists  the  design  reviewer  in  evaluating  the  engineer's 
design  and  possibly  suggests  areas  where  tests  must  be  conducted  to  verify  the  design  goals.  The 
penetrator  design  parameters  noted  earlier  in  this  section  are  all  directed  to  ensuring  a  sound 
penetrator  design  which  provides  proper  system  operations  as  well  as  required  safety  features. 

2.5  JUNCTION  BOX  DESIGN  PARAMETERS 

Design  aspects  that  directly  or  indirectly  affect  operational  reliability  of  junction  boxes  arc  quite 
similar  to  and  in  many  respects  the  same  as  those  affecting  reliability  of  any  electrical  com¬ 
ponents  subjected  to  the  deep  ocean  environment.  Some  of  the  more  critical  areas  of  design  that 
must  be  appraised  are  listed  below. 

a.  Seal  design  and  seal  redundancy  which  is  essential  to  maintain  a  high  degree  of  electrical 
integrity. 

b.  Material  used  for  contact  insulating  and  sealing  at  all  disconnect  points  must  provide  a 
positive  water  barrier  and  be  readily  cleaned  in  case  of  accidental  contamination  from 
salt  water. 
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c.  Compatibility  of  all  materials  when  continually  submerged  in  salt  water. 

d.  Resistance  of  bonding  and  adhesive  systems  to  long  term  degradation. 

e.  Provision  for  adequate  protection  and  securing  of  ail  cables  directly  at  the  exit  point  from 
junction  box. 

f.  Adequate  since  m  which  to  accomplish  internal  wiring  witli  consistent  results. 

g.  Adequate  support  of  internal  wiring -and  the  security  of  all  electrical  connections.  Most  of 
these  design  aspects  are  discussed  in  detail  in  other  sections  of  this  Handbook. 

h.  The  effects  of  electrical  failure  of  the  component  on  interconnected  components. 

An  outboard  junction  box  can  be  thought  of  as  an  electrical  conductor  distribution  point  adequately 
protected  from  the  submerged  ocean  environment. 

Junction  boxes  can  be  integral  with,  or  attached  directly  to  the  electrical  hull  penetrator.  How¬ 
ever,  location  of  equipment  being  serviced  often  dictates  the  use  of  a  junction  point  that  is  remote 
from  the  hull  penetration.  In  this  case,  the  junction  box  can  be  quite  similar  in  configuration,^ 
the  penetrator  attached  type  or  can  vary  somewhat  as  it  ismot  directly  associated  with  hull 
integrity  and  human  safety  in  the  event  of  failure.. 

Sever  tl  types  of  junction  boxes  are  in  current  use.  The  simplest  type  of  junction  is  the  molded  type 
where  a  relatively  large  cable  containing  many  conductors  breaks  out  into  several-smaller -cables 
having  a  reduced  number  of  conductors,  (see  figure  2-18).  The  splice  point  is  encapsulated- by 
molding  or  potting.  The  initial  cost  ofthis  type  is  low  but  has  the  obvious  disadvantage  of  not 
haying  disconnect  points.  In  the  event,  of  damage;  it-is.very  likely  thatthe  entire. harness  would 
have  to  be  replaced.  In  addition,  the  harness'  often  reaches  an;  overall  length  that  becomes 
ungainly  to  fabricate,  properly,  protect,  and  install. 

A  commonly  used  type  of  junction  h~vis  ba.nj.eai  /i  cylindrical  projection  of  the  penetrator  which 
is  integral  v/ith  or  attached  to  the  penetrator  sb-U.  (see  figures  2-4  and  2-10).  This  cylinder  must 
provide  a  pressure  proof  enclosure  for  the  interconnecting  wiring  between  the  hull  penetrator  and 
the  individual  connectorized  points.  The  dimensions  of  the  cylinder  are  determined  by  the  following 
factors.  The  bore  diameter  must  be  large  enough  for  adequate  access  for  wiring  and  pre/ide  for 
the  minimum  bending  radius  of  the  particdlar  cohducior  size  being  used.  The  bore  diameter  should 
be  held  to  a  minimum  because  this  dimension  plus  required  wall  thickness,  as  dictated  by  pres¬ 
sure,  fixes  the  minimum  allowable  outside  diameter  and  weight.  The  outside  dianietor  derived 
in  this  way  is  normally  sufficient  to  provide  the  required  surface  area  for  receptacle  mounting. 
Receptacles  can  be  mounted  in  one  or  more  tiers  as  required,  however,  more  than  two  or  three 
tiers  results  in  an  excessive  projection  from  the  hull  which  makes  .the  penetrator  more  vulnerable 
to  damage  with  the  Increase  in  bending  moment.  This  must  be  avoided.  The  junction  box  access 
cover  is  O-ring  sealed  and  secured  with  cap  screws  or  welded  in  place  as  required.  Th  recep¬ 
tacles  are  fastened  to  the  cylinder  by  internal  retainer  nuts,  cap  nnrews  in  a  holt  fienge,  or  welded. 
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Where  the  weld  method  is  used  and  the  cylinder  material  differs  from  that  of  the  receptacle,  a 
bimetallic  weld  should  be  avoided  and  a  buttering  weld  used  in  the  mounting  area  of  the  receptacle. 
Buttering  is  recommended  in  O-ring  seal  areas  if  the  parent  metal  is  not  sufficiently  corrosion 
resistant. 

The  detachable  cylinder  type  of  junction  box  has  the  advantage  of  removal  for  repair  or  modifi¬ 
cation  without  disturbing  the  penetrator  or  its  seals. 

The  penetrator  junction  box  should  provide  a  cable  protection  and  securing  device  which  is  mounted 
directly  to  the  cylindrical  junction  box. 

This  provides  for  the  support  and  orderly  exit  of  the  distribution  cable  assemblies  at  a  point 
cloi.e  by  the  connector  where  it  is  most  effective. 

When  the  cylindrical  junction  box  is  remotely  located,  it  is  normally  mounted  in  the  plane  of  its 
longitudinal  axis  with  the  large  cable  connector  at  one  end. 

A  slight  variation  of  the  cylindrical  box  can  be  made. for  application  where  number  and  size  of 
connectors  are  limited.  This  is  accomplished  by  extending  the  shell  of  a  relatively  large  outboard 
penetrator  plug  sufficiently  to  provide  room  for  one  tier  of  receptacles.  This  approach  combines 
outboard  plug  and  junction  box  into  one  piece  of  hardware  which  is  coupled  to  the  penetrator :by  a 
standard  plug  coupling  ring. 

The  choice  of  straight  or  right  angle  plugs  for  junction  box  connectors  depends  to  some  extent 
on  proximity  of  adjacent  equipment.  However,  it  is  good  practice  to  use  right  angle  plugs  where 
the  cable  would  normally  exit  from  the  junction  box  in  this  orientation.  Furthermore,  the  con¬ 
nector  tier  space  envelope  is  minimized  with  the  use  of,  right  angle  plugs. 

Interconnecting  wiring,  in  the  junction  box  cavity  should  be  as  flexible  as  possible  to  allow  for 
relatively  small  bend  radii  without  stressing  the  electrical  connection.  The  conductors  should 
have  a  thin,  abrasion  resistant  high  temperature  insulation  such  as  a  f luorocar bon/poly imide 
per  MIL-W-81381.  Insulation  thickness  is  in  the  5  mil  range.  Thick  insulations  unnecessarily 
limit  the  number  of. conductors. that  can  be  passed  through  the  throat  of  certain  configurations 
and  in  olher  situations  hamper  the  assembly  for  lack  of  space.  The  proper  choice  of  conductor  is 
essential  to  a  reliable  wiring  arrangement  in  a  necessarily  restricted  space.  Conductors  can  be 
termlnatsd  at  junctionipoints  by  soldering  or.  by  crimped  contacts.  Space  restrictions  favor  the 
use  of  crimped  contacts.  These  can  be  pins  or  sockets  as  required.  All  internal  wiring  and  ter¬ 
minations  should  be  potted  in  place  to  preclude  relative  movement  of  contacts  and  wires.  Under 
certain  conditions,  a  potted  internal  plug  assembly  (figure  2-9)  is  adequate  to  secure  the  contacts 
in  place,  with  wire  bundles  individually  and  collectively  tied.  It  is  advisable  to  maintain  a  dry 
cavity  atmosphere  at  assembly  if  the  cavity  is  not  completely  filled  with  potting  material.  This 
prevents  moisture  condensation  and  any  resulting  insulation  resistance  deterioration.  Where  the 
complete  cavity  containing  the  Internal  wiring  is  potted,  it  is  preferable  to  design  in  such  a  way  that 
the  entire  potted  assembly  is. removable  for  modification,  repair  or  replacement,  as  shown  in 
figure  2-6, 
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At  operating  depths  in  excess  of  20,000  feet,  the  advantages  of  a  pressure  compensated  junction 
box  become  very  apparent.  The  20,000-foot  level  is  based  on  the  use  of  titanium  which  has  a  very 
high  strength-to-weiglit  ratio.  Other  candidate  materials  would  be  sufficiently  heavy  in  the  re¬ 
quired  sections  to  dictate  the  use  of  a  pressure  compensated  design  at  pressure  levels  well  be¬ 
low  the  20,000-foot  operating  depth. 

The  principal  determining  factors,  whether  or  not  to  use  a  pressure  compensated  design,  are 
weight  and  the  physical  limitations  of  the  material  being  used.  Other  considerations  that  should 
be  made  a  part  of  trade-off  studies  where  either  type  would  satisfy  the  specific  operating  re¬ 
quirements  would  include  reliability,  maintainability,  and  cost.  These  considerations  would  in 
turn  be  directly  affected  by  location,  available  space,  vulnerability  to  damage  from  impact,  and 
others  of  a  similar  nature. 

Many  of  the  configuration  restraints  placed  on  a  pressure  resisting  type  of  junction  box  can  be 
Ignored  in  the  pressure  equalized  approach.  Therefore,  in  addition  to  a  cylindrical  configuration, 
there  are  many  options  incV  tding  a  low  profile  pancake  style  with.cable  assemblies  radially 
located. 

This  form  utilized  less  space,  allows  accessibility  of  internal  wiring  for  repair  or  modification, 
and  can  be  provided  with  a  flexible  see-through  window  as  adiaphragm.  Additional  pressure 
compensation  is  provided  by  a.  small  bellows.  This  configuration  can  be  connected  directly  to 
the  penetrator  or  used  at  a  remote  location.  In  either  case,  the  use  of  pressure  proof  connectors 
is  recommended'to  provide  a  positive  barrier  to  the  entry  of  water  from.the  connecting  cable  into 
the  compensating  fluid  area.  This  requirement  would  apply  equally  to  the  use  of  oil  filled  cable 
or  conventional  underwater  cable  types. 

The  choice  of  material  for  the  box  is  less  restrictive  because  only  relatively  light  sections  are 
required  where  there  is  no  pressure  differential.  Material  selection  should  be  based  on  com¬ 
patibility  with  the  material  of  attaching  connectors  and  all  around  resistance  to  the  salt  water 
environment. 

Several  oils  having  good  dielectric  characteristics  have  been  used  as  a  compensating  fluid. 
Basically,  these  are  either  a  silicone  base  oil  or  a  pharmaceutical  grade  of  mineral  oil.  The 
principal  considerations  in  making  a  choice  would  be  compatibility  of  the  oil  with  all  other 
materials-used  in  the  junction  box  and  its  long-term  chemical  stability.  The  specific  gravity 
of  the  oil  would  be  a  consideration  only  where  weight  is  extremely  critical  or  any  in-leakage  of 
salt  water  must  be  segregated  either  above  or  below  tlie  oil  level.  Also,  the  compressibility  factor 
of  the  dielectric  oil  is  important  as  it  affects  the  compensation  system  design.  One  of  the  possible 
disadvantages  of  an  oil  filled  system  is  that  a  compensatiomsys/tem  may  have  to  be. provided. 

This  adds  space  and  weight  to  the  overall  system .  See  reference  5  for  recommended  oil 
selection  data. 

A  connectorized,  molded  elastomer  type  of  junction  box  has  seen  limited  USN  application  recently. 
Experience  to  date  Indicates  that  it  is  a  reliable,  relatively  inexpensive  design  approach.  All 
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internal  wiring  and  terminations  are  subjected  to  a  fluid  like  pressure  pattern,  making  special 
additional  supporting  techniques  unnecessary.  The  reliability  of  long  term  service  depends  on 
the  stability  of  the  elastomer  and  the  metal-to-elastomer  bond.  This  design  approach  consists 
of  molding  titanium  receptacle  mounting  adapters  and  necessary  interconnecting  internal  wiring 
with  crimped  socket  contacts  at  each  end  into  the  desired  junction  box  form.  The  mounting  adapters 
provide  tapped  holes  and  O-ring  sealing  surfaces  for  attaching  the  necessary  receptacles.  A 
polygon  design  is  recommended.  This  is  shown. in  figure  2-19.  This  offers  a  minimum  space 
envelope  consistent  with  good  internaTwirlng  practice,  cable  distribution  and  mounting  methods. 
Some  of  the  advantages  include  the  following:  The  design  and  fabrication  restraints  associated 
with  a  pressure  vessel  are  .nonexistent.  The  principal  material  is  not  subject  to  corrosion.  Com¬ 
ponent  parts  are  readily  reclaimed  if  repair  or  modification  become  necessary.  Additional 
experience  in  the  long  duration  application  of  tht?  concept  at  higher  pi  assure  levels  is  necessary 
before  it  can  be  recommended  over  the  more  conventional  type  of  junction  box.  This  type  would 
normally  be  recommended  for  installation  remote  from  the  hull  penetrator. 

2.6  SUMMARY 

This  section  has  reviewed  the  various  basic  types  of  penetrators  available.  Design  parameters 
for  a  proper  penetrator  design  have  l>een  listed.  Recommendations  have  been  made  for  designs  to 
suit  the  various  operating  depth  classes  noted.  Finally,  the  design  factors  which  must  be  con¬ 
sidered  in  any  penetrator  design  have  been  discussed  m  detail.  Quality  control  considerations  as 
well  as  penetrator  design  calculations,  Failure  Modes  and  Effects  Analysis,  test  requirements 
and  certification  requirements  are  noted  in  section  6. 


2-37 


Section  2 


REFERENCES 


1.  Morrison,  J.  B.  An  Investigation  of  Cable  Seals  Applied  Physics  Laboratory,  University  of 

Washington,  March  1,  1954.  ; 

2.  Nelson,  A.  L.  "Deep  Sea  Electrical  Connectors  and  Feedthrough  Insulators  for  Packaging 
Electronics,"  Material  Electronic  Packaging  and  Production  Conference. at  Long  Beach, 

California,  June  9,  1965. 

3.  Haworth,  R.  F.  andJ.E.  Regan. "Watertight  Electrical  Cable  Penetrations  for  Submersibles  - 
Past  and  Present,"  ASME  Paper  No.  65-WA/UNT-12,  ASME  Conference  of  7-11  November  1965. 

4.  Haworth,  R.  F.  "Electrical  Cabling  System. for  the  Star  HI  Vehicle"  ASME  Paper  No.  66-WA/UNT- 
11,  ASME  Conference  of  November  27  -  December  1,  1966. 

5.  DOT  Electrical  Insulation  Material  Handbook,  U.S.  Naval  Research  and  Development 
Laboratory,  Annapolis,  Mci. ,  Report  No.  6-1S6. 


2-39 


.v' 


Section  3 

TABLE  Of  CONTENTS 


Section  Title  Page 


3.1  Connevloi’ Designs  3-1 

3.2  Electrical  Connector  Types  3-8 

3.2.1  Metal  Shell  Connectors  3-8 

3.2.2  Molded  Plastic  Connector  3-8 

3.2.3  Molded  Elastomer  Connector  3-9 

3.2.4  Underwater  Disconnectable  Connectors  3-13 

3.3  Connector  Design  Recommendations  3-14 

3.3.1  Connector  Classes  3-14 

3.3.2  Connector  Design  -  0-20, 000  Feetand  0-37,000  Feet  3-14 

3.3.3  Coaxial  Connector  Design  3-14 

3.4  Connector  Design  Parameters  3-18 

3.4.1  Connector  Configuration  3-21 

3.4.2  Connector  Types  and  Sizes  3-21 

3.4.3  Electrical  Requirements  3-22 

3.4.4  Plug  Design  3-23 

3.4.5  Receptacle  Design  3-23 

3.4. 6  Material  Selection  3-26 

3.4. 7  Pin  and  Socket  Contact  Design  3-28 

3.4. 8  Connection  -  Conductor  to  Socket  Contact  3-28 

3.4.9  Fastening  -  Plug  to  Receptacle  3-35 

3.4.10  Sealing  -  Plug  to  Receptacle  3-35 

3.4.11  Insulation  and  Seal  -  Rn  Contact  3-36 

3.4. 12  Insulation  and  Seal  -  Socket  Contact  3-38 

3.4.13  Seal  -  Cable- to  Plug  3-41 

3.4.14  Cable  Strain  Relief  3-47 

3.4.15  Plug  adapter  for  Cable  Protection  3-47. 

3.4.16  Connector  Accessories  3-47 

3.5  Summary  3-52 


Section  3 

LIST  OF  FIGURES  AND  TABLES 


Figure  Title  Page 


3-1  Cable  Stuffing  Tube  Component  Penetrator  3-2 

3-2.  Pressure  Proof  Electrical  Connector  3-3 

3-3  Neoprene  Molded  Cable  Penetrator  3-4 

?-4  Molded  Cable  Penetrator  with  Insulated  Backing  Header  Insert  3-5 

3-3  Flange  Mounted  Polyethylene  Molded  Plug  Penetrator  3-6 

3-6  Metal  Shell  Connector  3-10 

3-7  Molded  Plastic  Connector  3-11 

3-8  Molded  Elastomeric  Connector  3-12 

3-9  Recommended  0-20, 000/37, 000  Foot  Depth  Connector  3-15 

3-10  Recommended  0-20, 000/37, 000  Foot  Depth  Receptacle  with 

Removable  Header  Insert  3-16 

3-11  Recommended  Coaxial  Connector  Design  3-17 

3-12  Typical  Conductor  Damage  Due  to  Cycling  Hydrostatic  Pressure  3-24 

3-13  Receptacie-To-Component  Fastening  Methods  3-25 

,3-14  Scoop- Proof  Connector  Requirement  3-27 

3-15  Recommended  O-Ring  Dovetdil  Groove  Dimensions  3-37 

3-16  Cable -To -Plug  Seals  3-45 

3-17  Methods  Used  For  Cable  Strain  Relief  3-48 

3-18  Components  of  the  Cable-To-Plug  Strain  Relief  and  Seal  3-49 

3-19  Cable  Protection  or  EMI  Shielding  Device  3-50 

3-20  Pressure  Proof  Connector  Covers  3-51 

Table  Title  Page 


3-1  Electrical  Connector  Design  Factors  3-19 

3-2  Recommended  Connector  Shell  Sizes  3-21 

3-3  Conductor  Current  Carrying  Capacity  as  Compared  to  Copper  3-22 

3-4  Approximate  Specific  Gravities  of  Materials  3-29 

3-5  Electrical  Resistivity  of  Metals  3-32 

3-6  Specific  Stiffness  of  Metals  3-33 

3-7  Pin  Contact  Design  Information  3-34 

3-8:  Plastic  Properties  3-43 


Hi 


Section  3 


ELECTRICAL  CONNECTOR  DESIGN 


3.1  CONNECTOR  DESIGNS 

Designs  .for  parsing  electrical  conductors  through  the  enclosure  walls  of  pressure  proof  under¬ 
water  electrical  components  have  been  given  many  names  over  the  years.  The  descriptions 
include: 

a.  Penetrator 

b.  Cable  gland 

c.  Underwater  connector 

d.  Pressure  proof  connector 

e.  Cable  seal 

I.  Cable  feed  through 

g.  Electrical  splice 

h.  Submersible  connector 

For  initial  discussion,  it  can  be  considered  that  the  device  in  question  must  seal  a  cable  as  it 
passes  through  a  pressure  proof  component  enclosure.  This  being  the  case,  the  following  basic 
designs  can  be  considered  to  seal  the  cable  and  provide  the  desired  electrical  continuity  between 
components: 

a.  Cable  stuffing  tube  component  penetrator  (reference  1). 

b.  Pressure  proof  electrical  connector  (reference  2). 

c.  Molded  cable  penetrator  (reference  3). 

d.  Molded  cable  penetrator  with  insulated  bushing  header  insert  (reference  4). 

e.  Flange  mounted  polyethylene  molded  plug  penetrator  (reference  5) 

All  of  .these  devices  are  similar  in  design  to  those  noted  for  electrical  hull  penetrators  in  the 
previous  section  as  they  provide  the  same  function;  that  of  sealing  conductors  as  they  pass 
through  a  pressure  proof  enclosure.  Cable  penetrators  for  underwater  electrical/electronic 
components  have  beemone  of  the  most  failure  prone  components  on  DSVs  While  failure  of  a 
cable  component  penetrator -may  not  be  as  critical  as  a  hull  penetrator  failure,  many  missions 
of  DSVs  have  been  aborted  due  to  the  failure  of  outboard  penetrators  and  harnesses  on  sub- 
mersibles. 

As  seen  in  figures  3-1  through  3-5,  many  basic  devices  can  be  used  to  penetrate  cables,  through 
component  enclosures.  The  cable  stuffiiv?  tube  type  penetrator  is  generally  an  inexpensive  device 
but  is  limited  to  hydrostatic  pressures  below  1,  000  psi  and  requires  well  designed,  close  toler- 
anced  cables  and  stuffing  tubes  to  be  effective.  The  molded  cable  penetrators  (figures  3-3  and 
3-4)  can  also  provide  an  inexpensive  sealing  device,  especially  in  quantities.  The  major 
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disadvantage  of  this  type  penetrator  is  that  the  penetrator  must  be  scrapped  if  the  cable  is  dam¬ 
aged  in  service,  and  that  the  assembly  does  not  provide  a  disconnect  point  at  the  component 
enclosure.  Figure  3-5  shows  a  polyethylene  molded  plug  penetrator  that  is  flange  mounted  to  the 
component  enclosure.  The  assembly  could  ulso  be  polyurethane  or  neoprene  molded.  This  design 
is  basically  an  electrical  connector  with  the  receptacle  mounted  inside  the  enclosure.  The  recep¬ 
tacle  in  this  case  is  hot  a. pressure. proof  device.  Should  a  seal  failure  occur  in  the  plug  assembly, 
then  the  component  internals  become  flood’' d  and  the  unit  is  damaged  beyond  repair.  This  design 
does  offer  the  inherent  advantages  of  connectors  which  provide  an  interface  disconnection  point 
at  the  component. 

The  use  of  pressure  proof  electrical  connectors  at  pressure  proof  and  pressure  compensated 
electrical/electronic  components  (see  figure  3-2)  is  recommended.  The  principal  reason  for  this 
is  that  the  connector  type  penetrator  cable  seal  provides  a  needed  harness  disconnect  point  at  the 
component.  A  secondary  reason  is  that  the  pressure  proof  receptacle  mounted  to  the  component 
enclosure  ensures  the  watertight  integrity  of  the  expensive  electronic  equipment  should  a  failure 
occur  in  the, harness  assembly.  Other  reasons  for  using  electrical  connectors  are  as  follows: 

a.  Provide  an  interface  between  the  electrical/ electronic  component  manufacturer  and  the 
vehicle  manufacturer  and  user. 

b.  Provide  a  convenient  electrical  test  point  for  the  component. 

c.  Allows  proper  packaging  of  the  component  for  handling,  packing,  shipping,  storage  and 
installation. 

d.  Eliminates  the,  need  for  the  component  manufacturer  to  provide,  the  electrical  cable  to  a 
distant,  unknown  junction  point. 

e.  Provides  a  proper  interface  for  the  maintenance  and  replacement  of  components  and  cables. 

f.  Provides  an  interface  between  components  in  a  complex  system. 

g.  Facilitates  the  manufacturing  and  assembly  process  of  components. 

h.  Allows  the  hermetic  or  watertight  sealing  of  an  electrical  component  package. 

i.  Facilitates  the  hydrostatic  pressure  testing  of  outboard  electronic  components  or  electrical 
penetrators. 

An  electrical  connector  is:made  up  of  a  plug  and  a  receptacle  assembly  as  shown  in  figure  3-2. 
The  heart  of  the  connector  is  the  pin  and  socket  contacts.  These  two  components  make  the  elec¬ 
trical  junction.  Although  in  standard  nonpressure  proof  designs,  these  contacts  may  be  located 
in  either  the  plug  or  receptacle;  pin  contacts  are  normally  located  in  the  receptacle,  and  socket 
contacts  in  the  plugs  in  pressure- proof  connector  designs. 

Most  underwater  connectors  in  use  today,  can  be  divided  into  four  types  based  on  construction 
material,  and  can  be  described  as  follows: 

a.  Metal  plug  and  receptacle 

b.  Molded  rubber  plug  and  receptacle 

c.  Plasticr  plug  and  receptacle 

d.  Underwater  disconnectable  (make  and  break)  connectors. 


This  section  discusses  the  recommended  pressure  proof  connector  designs  as  well  as  design 
.parameters  for  connectors  which  must  be  considered  in  any  connector  development  program. 

The  connector  recommendations  are  a  result  of  the  work  conducted  on  the  Deep  Ocean  Technology 
program. 

3.  2  ELECTRICAL  CONNECTOR  TYPES 

3.2. 1  METAL  SHELL  CONNECTORS  --  The  metal  construction  which  provides  a  rigid  skeleton 
has  demonstrated  the  greatest  degree  of  reliability  on  submersible  equipments.  The  nature  of 
the  design  requires  more  component  parts,  is  heavier  and  has  greater  initial  cost.  However, 
these  disadvantages  are  more  than  compensated  for  by  its  higher  degree  of  reliability  and  its 
resistance  to  installation  and  environmental  damage.  The  added  initial  cost  becomes  insignificant 
when  related  to  the  overall  system  cost  and  the  critical  role  a  connector  plays  in  a  system's 
satisfactory  function.  A  single  connector  failure  can  abort  an  entire  mission. 

The  metal  plug  shell  provides  a  rigid  and  adequate  bonding  surface  for  the  cable  3eal  and  thus 
provides  adequate  cable  strain  relief  at  this  point.  The  rigid  construction  makes  possible  a 
greater  degree  of  wire  position  control  in  molding  a  cable  to  the  plug,  and  therefore,  much  less 
change  of  electrical  shorts  or  opens  due  to  uncontrolled migration  of  conductors  (hiring  the  cable 
end  sealing  process.  The  metal  shell  provides  a  positive  stop  for  controlled  gasket  squeeze  in 
seal  areas  between  plug  and  receptacle  and  between  receptacle  and  mounting  surface.  Metal  has 
the  necessary  strength  and  dimensional  stability  to  provide  reliable  threaded  parts.  A  metal 
receptacle  shell  provides  the  necessary  support  for  a  positive  and  reliable  pressure  barrier  in 
case  of  accidental  exposure  to  sea  pressure.  Metal  construction  provides  for  a  more  reliable 
mounting  of  bulkhead  types  and  an  additional  mounting  method;  a  seal  weld.  An  individual  insula¬ 
tor  in  combination  with  snap-in  socket  contacts  provides  good  contact  positioning  with  adequate 
flotation  for  proper  mating  alignment.  Metal  bodies  are  best  adapted  for  a  positive  keying  arrange¬ 
ment  to  polarize  plug  with  receptacle.  Where  both  plug  and  receptacle  shell  are  of  a  none esilient 
material,  a  more  reliable  coupling  can  be  accomplished.  Elastomer  compression  set  and  material 
flow  with  resulting  loosening  is  not  a  problem. 


3.2.2  MOLDED  PLASTIC  CONNECTOR  —  The  molded  thermosetting  resin  type  of  connector 
construction,  figure  3-7  is  relatively  inexpensive  and  ideally  suited  to  production  in  quantity1.  It 
has  many  of  the  same  advantages. of  the  all  rubber  type.  These  include:  fewer  components, 
Integral  molding  requires  no  internal  seals,  no  insulators  are  required  as  the  structural  material 
is  a  good  dielectric,  the  material  is  not  affected  by  salt  water  corrosion  and  can  not  form  a 
galvanic  couple  to  damage  adjacent  metal  parts. 

However,  experience  has  indicated  that  plastics  have,  many  deficiencies  as  a  connector  fabricating 
material.  Any  one  specific  thermoplastic  or  thermosetting  resin  material  does  not  seem  to  com¬ 
bine  the  desirable  electrical, properties  with  all  the  required  physical  and  mechanical  properties 
necessary  for  use  as  a  deep  submergence  connector.  Some  of  these  properties  include  a  high 
degree  of  dimensional  stability,  high  impact  strength,  low  mold  shrinkage,  low  water  absorption, 

high  compressive  strength  and  non-flammability. 
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Fabricating  requirements  further  limit  the  material  choice.  These  include  good  moldability,  with 
any  necessary  reinforcing  fiber  content,  at  reasonable  temperatures  and  pressures.  Some  of  the 
more  common  defects  found  in  molded  connector  parts  include  the  following:  Cracks  at  points  of 
high  stress  which  are  generated  in  the  molding  process  and  proliferate  with  use;  threads  that 
fail  under  load  or  are  damaged  by  impact;  failure  in  areas  that  mold  resin  rich  and  lack  the 
necessary  fiber  content;  seal  surfaces  that  do  not  present  the  required  finish  due  to  excessive 
flash  or  porosity;,  molded  connectors  exposed  to  higher  levels  of  pressure  cycling  have  shown 
evidence  of  minute  fiber  displacement  followed  by  fatigue  and  eventual  structural  failure. 

Disadvantages  of  the  metal  type  connector  include  the  need  for  additional  individual  contact  seals 
which  are  inherent  in  the  integrally  molded  rubber  type  connector.  Sealing  surfaces  are  subject 
to  damage  causing  possible  seal  failure.  Metal  parts  are  subject  to  varying  degrees  of  corrosion 
depending  on  material  choice  and  environment.  This  condition  can  be  compounded  by  other  inter¬ 
facing  metals  and/or  stray  electrical  currents. 

Insulating  components  must  be. provided  for  electrical  isolation  of  the  conductors.  Means  of 
securing  and  sealing  these  parts  must  also  be  provided.  Applications  that  require  the  metal 
connector  to  be  subjected  to  a  considerable  degree  of  pressure  cycling  call  for  special  attention 
to  the  manner  of  wiring  and  how  the  conductors  are  supported  in  the  back  end  of  the  plug  between 
the  cable  endseal  and  conductor  termination.  Otherwise,  fatigue  failure  of  the  conductor  .pan 
occur.  Where  nonresilient  parts  interface  at  plug  and  receptacle,  a  minimum  volume  ^oid  is 
always  present:  because  necessary  dimensional  tolerances  preclude  interfacial  contact  at  this 
point.  This  void  can  account  for.  some  electrical  degradation  due  to  condensation  of  moisture  in 
contact  area.  This  can  be  significant  .depending  on  application  and  environmental  temperature 
and  humidify  ranges..  Contact  insulation  composed  of  compression  glass  seals  must  be  adequately 
protected  from  weldingtemperatures  when  components’ are. fastened  or  sealed  by  this  method. 

A  representative  connector  of  the  metal  type  is: shown. in  figure  3-6. 

A  distinct  disadvantage  of  this  form  of  construction  lies  in  interfacing  various  cable  types  with  a 
molded  resin  plug.  The  effectiveness  of  the  cable  end  seal  is  limited  by  bondability,  and  cable 
temperature  restrictions. 

The  molded  plastic  connector  lias  exhibited  serious  design  deficiencies  to  date,  expeciaily  for 
higher  pressure  applications.  However,  it  isnot  inconceivable  that  theproperccrabination  of 
material  and  design  would  produce  a  satisfactory  connector  for  low  pressure  application. 

3.2.3  MOLDED  ELASTOMER  CONNECTOR  —  The  molded  or  cast  elastomer  type  of  connector 
construction,  figure  3-C,  provides  the  least  expensive  type  of  underwater  connector.  Basically, 
this  type  of  connector  consists  of  a  length  of  cable  whose  conductors  arc  terminated  with  male  or 
female  contacts.  The  entire  terminal  area  is  molded  or  cast  integral  with  the  cable  jacket.  The 
contacts  are  positioned  by  externalmeans  until  curing  or  vulcanizing  is  complete.  The  geometry 
of  the  molded  area  is  such  as  to  provide  a  sealing  interface  between  plug  and  receptacle  and 
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Figure  3-7.  Molded  Plastic  Connector 


provide  for  strain  transition  between  contact  area  and  cable.  Due  to  the  resilient  qualities  of  the 
mailer kl  used,  relatively  thick  sections  are  required  to  provide  adequate  polarization  between 
plug  and  receptacle.  This  results  in  a  large  connector.  For  this  reason,  polarization,  where 
present  in  this  design,  is  normally  accomplished  by  contact  pattern  or  two  contact  diameters. 
Either  method  is  inadequate  because  electrical  contact  between  plug  and  receptacle  is  possible 
prior  ic  proper  alignment  and  mechanical  locking.  For  this  reason,  this  type  of  connector  is 
vulnerable  to  electrical  mismating  and  contacpdamage. 

The  materials  most  often  used  in  fabricating  this  connector  are  neoprene,  for  pressure  molding, 
and  polyurethane  for  cast  molding.  The  neoprene  molded  connector  is  superior  in  several  design 
areas.  However,  the  inability  to  properly  control  movement  of  the  conductor  during  the  pressure 
molding  process  can  lead  to  electrical  opens  and  shorts  that  very  often  occur  after  the  connector 
sees  the  operating  environment.  Thus,,  reliability  is  seriously  affected. 

The  all  rubber  type  of  connector,  not  having  a  rigid  internal  or  external  structure,  does  not 
provide  for  positive  and  controlled  compression  of  interfacial  seals.  For  the  same  reason,  most 
coupling  and  mounting  devices  are  marginal  because  the  material  is  subject  to  compression  set. 
Seal  failure  can  also  occur  when  the  connector  is  mated  in  a  low  temperature  environment,  due 
to  loss  of  elasticity.  Most  designs  have  little  or  no  protection  for  pin  contacts. 

This  type  of  connector  construction  is  not  without  certain  advantages.  Among  these  are  low 
cost,  light  weight:,  capability  of  withstanding  considerable  abuse,  and  because  it  is  integrally 
molded,  fewer;  seals  are  required.  Both  plug  and  receptacle  withstand  open  face  pressure  equally 
well.  No  material  corrosion  problem  exists  with  this  connector  type.  The  material  being  a  di¬ 
electric  precludes  its  contributing  to  galvanic  corrosion  of  adjacent  areas.  Obviously,  no  separate 
insulating, parts  are  required.  The  resilient  material  provides  for  a  void-free  interface  between 
mated  plug  and  receptacle. 

3. 2.4  UNDERWATER  DISCONNECT  TABLE  CONNECTORS  —  Underwater  disconnectable  or  make 
and  break  connectors  are  a  definite  requirement  for  Deep  Submergence  Vehicle  applications.  For 
instance,  it  is  advantageous  for  divers  to  have  the  capability  to  disconnect  camera  and  light 
housing  while  the  vehicle  is  still  in  the  water.  This  allows  replacement  of  film  and  lights  on  a 
routine  basis  without  the  need  to  haui  the  vehicle  from  the  water.  Another  disconnectable  con¬ 
nector  requirement.is:qne.time  electrical, disconnect  that  is  required  when  emergency  drops  are 
made  of  outboard  mounted  equipment  such  as  batteries  and  manipulators.  These  equipments 
would  be  disconnected  from  the  vehicle  when  a.vehicle  emergency  rise  to  the  surface  is  required. 
In  the  case  of  manipulators,  it  may  also  be  necessary  to  drop  them  should  they  become  entangled 
during  underwater  operations. 

The  USN  is  presently  conducting  studies  under  the  Deep  Ocean  Technology  program  to  develop 
make  and  break  electrical  connectors  for  underwater  applications.  Design,  fabrication  and  test 
work  is  presently  underway.  Results  of  this  design  activity  will  be  included  in  the  next  edition  of 
the  Handbook. 
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3.3  CONNECTOR  DESIGN  RECOMMENDATIONS 

3.3. 1  CONNECTOR  CLASSES  --  Similar  to  recommended  penetrator  designs,  three  basic  con¬ 
nector  classes  are  seen ito  satisfy  the  DSV  oceanic  environments.  These  include  the  0  to  2, 000, 

0  to>20, 000  and  0  to  37, 000-fcot  operating  depths.  For  each  operating  depth,  many  types  and 
sizes  of  connectors  are  required  to  satisfy  signal,  control,  power,  and  radio  frequency  require¬ 
ments.  Those  have  been  defined  in  section  1  of  the  Handbook. 

While  the  primary  design  work  noted  in  this  Handbook  is  devoted  to  the  0  to  20, 000-foot  operating 
depth  class,  discussion  is  also  made  on  the  other  operating  depth  classes.  Rirther  design  and 
development  work  will  be  conducted  in  these  areas  as  funds  become  available  and  the  need  arises. 

3. 3. 2  CONNECTOR  DESIGN  -  0  TO  20, 000  FEET  AND  0  TO  37, 000  FEET  —  The  basic  connector 
design  recommended  for  0  to  20, 000  and  0  to  37, 000-foot  operating  depths  is  shown  in  figure  3-9. 
The  only  basic  design  change  between  the  two,  is  additional  plug  and  receptacle  shell  material 
required  for  the  37,000-foot  depth  connectors.  The  use  of  titanium  plug  and  receptacle  shells  is 
suggested  for  corrosion  resistance  and  strength  to  weight  ratios  of  the  material.  It  will  be  noted 
that  both  plug  and  receptacle  have  compression  glass  sealed  and  insulated  pin  contacts  which 
withstand  the  full  operating  depth  pressures.  The  plug  is  fitted  with  double  ended  socket  contacts 
on  the  front  end  and  a  crimp  type  socket  contact  on  the  rear  end. 

The  double  ended  socket  contacts  are  insulated  with  a  silicone  compound  and  the  rear  end  of  the 
plug ds  insulated  with  a  glass  filled  epoxy  compound.  This  potting  material  also  serves  as  a 
strengthening  agept.ior  the  conductors  which  emanate  from  the  cable.  The  potting  compound  is 
housed  in  an  aluminum  backshell  to  which  a  grommet  type  cable  sealing  clamp  is  also  fitted.  The 
grommet  holds  the  epoxy  inside 'the  aluminum  cavity  during  the  potting  operation.  A  polyurethane 
boot  is  cast  over  the  cable  prepotted  area  and  the  plug  shell  to  provide  the  desired  cable  to 
connector  seal.  Although  a  90  degree  plug  is  shown  in  the  figure,  straight  plug  designs  can  also 
be  used.  The  plug  is  sealed  to  the  receptacle  with  redundant  gasket  and  radial  typeO-rings.  A 
titanium  coupling  ring  is  used  to  engage  and  disengage  the  plug  from  the  receptacle. 

The  titanium  shelled  receptacle  houses  the  radial  O-rihg  seal  as  well  as  the  polarizing  keys.  A 
crimp  type  socket  provides  the  desired  electrical  connection  at  the  rear  of  the  receptacle.  The 
contacts  are  insulated  with  a  silicone  rubber  insert.  As  seen  later  in  this  section  (figure  3-15) 
many  receptacle  mounting  methods  are  available.  Figure  3-10  shows  a  receptacle  design  with  a 
removable  header  insert.  This  design  allows  added  flexibility  in  changing  contact  patterns.  It 
alsc  allows  sealing  contacts  in.header  insert  mate  rials  other  than  titanium. 

3.3.3  COAXIAL  CONNECTOR  DESIGN  —  The  coaxial  connector  design. recommended,  is  shown 
in  figure  3-11.  The  design  is  similar  to  the  20,000-foot  connectors  as  titanium  is  used  to  fabricate 
the  plug  and  receptacle  shells  as  well  as  the  coupling  ring.  The  inner  and  outer  contacts  located 
in  the  receptacle  are  sealed  and  insulated  with  compression  glass. 


Figure  3-9.  Recommended  0-20, 000/37, 000  Foot  Depth  Connector 
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Figure  3-10.  Recommended  0-20, 000/37, 000  Foot  Depth  Receptacle  with  Removable  Header  Insert 
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3.4  CONNECTOR  DESIGN  PARAMETERS 


The  primary  function  of  a  pressure  proof  electrical  connector  is  to  provide  a  watertight  inter¬ 
connection  point  for  a,  harness  at  the  outboard  component  and  at  a  hull  penetrator.  The  connector 
also  seals  the  cable  at  these  enclosures  and  prevents  the  cable  from  being  forced  into  the  enclo¬ 
sure  due  to  the  hydrostatic  pressure  at  various  ocean  depths.  A*  seen  earlier,  four  basic  con¬ 
nector  design  types. liave  been  used  to  satisfy  vehicle  connector  requirements.  This  section 
discusses  the  USN's  recommended  use  of  all  metal  connectors  for  depths  to  20, 000  feet.  The 
designs  discussed  here  employ  the  use  of  Deep  Ocean  Technology  Program  developed  elastomeric 
jacketed  cables  (see  reference  6).  However,  with  minor  modifications  to  the  rear  of  the  con¬ 
nectors,  the  designs  recommended  can  be  adapted  tp  also  use  metal  jacketed  mineral  insulated, 
polyethylene  jacketed,  oil  filled,  and  free  flooding  individually  insulated  conductors. 

This  section  covers  the  design  of  electrical  connectors  recommended  for  use  on  DSVs.  The 
development  of  a  connector  requires  the  consideration  of  many  design  factors.  These  are  listed 
in  table  3-1.  Together  with  these  basic  design  factors,  there  are  many  design  considerations 
which  strictly  apply  to  electrical  connectors.  These  are  as  follows: 

a.  The  connector,  in  order  to  preserve  the  watertight  integrity  of  the  component  to  which  the 
connector  is  mounted,  must  have  a  positive  contact  water  dam  in  the  receptacle  to  prevent 
water  from  entering  the  component. 

b.  There  should  be  a  backup  seal  for  every  primary  seal  used  in  sealing  a  receptacle  to  a 
component.  This  is  not  necessary,  however,  if  the  receptacle  is  welded  to  the  component 
housing. 

k  c;  Configuration  and  materials  of  construction  should  provide  inherent  resistance  to  electro¬ 
lytic  corrosion  resulting  from  stray  leakage  current.  Very  slight  differences  in  potential 
can  erode  relatively  thick  metal  sections  in  a  very  short  period  of  time. 

’  d.  The  possibility  of  a  critical  degree  of  galvanic  coupling  must  be  considered  when  making  a 
material  choice  for  the  connector  parts.  Areas  that  interface  with  each  other  should  be 
such  as  to  prevent  entrapment  of  sea  water  which  may  lead  to  crevice  corrosion. 

e.  The  method  of  securing  the  plug  to  the  receptacle  should  also  provide  for  easy  removal. 

f.  Adequate  wire  or  cable  strain  relief  must  be  provided  at  the  cable-to-plug  or  receptacle 
interface. 

g.  The  receptacle  design  must  be  such  that  the  receptacle  web  section  can  be  hydrostatically 
tested  prior  to  shipment  by  the  fabricator. 

h.  All  wire  terminations  within  the  plug  or  receptacle  cavity  at  the  rear  should  be  sealed  and 
supported.  This  combined  moisture  barrier  and.strain  relief  is  readily  accomplished  by 
potting  compounds. 

i.  A, positive  water  barrier  in  the  plug  assembly  is  recommended.  Should  the  cable  be  dam¬ 
aged  or  severed,  then  water  will  course  up  the  cable  only  to  the  barrier  in  the  plug.  a 
result,  the  receptacle-plug  interface  will  remain  unaffected. 
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Table  3-1.  Electrical  Connector  Design  Factors 

1.  Connector  Types  and  Sizes 

2.  Configuration  -  Connector 

3.  Plug  Design 

4.  Receptacle  Design 

5.  Pin  and  Socket  Contact  Design 

6.  Fastening  -  Plug  to  Receptacle 

7.  Sealing  -  Plug  to  Receptacle 

8.  Connection  -  Conductor  to  Socket  Contact 

9.  Insulation  and  Seal  -  Pin  Contact 

10.  Insulation  and  Seal  -  Socket  Contact 

11.  Seal  -  Cable  to  Plug 

12.  Electrical  Requirements 

13.  Cable  Strain  Relief 
1.4.  Material  Selection 

15.  Corrosion  Properties 

16.  Fabricability 

17.  Safety 

18.  Strength 

19.  Stiffness 

20.  Thermal  Properties 

21.  Cost 
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j.  The  receptacle  or  plug  contact  water  barrier  which  may  be  inadvertently  exposed  to  sea 
water  should  withstand  a  test  pressure  In  the  exposed  condition  of  at  least  one  and  one-half 
times  the  operating  pressure.  Receptacles  and  plugs  in  which  the  contacts  are  compression- 
glass  sealed  very  effectively  satisfy  this  requirement. 

k.  The  ideal  connector  configuration  provides  for  packaging  a  high  conductor  density  in  a 
minimum  envelope  having  minimum  projection  from  the  component  being  connector  teed. 

l.  Excess  connector  weight  must  be  avoided.  Any  excess  weight  reduces  the  submersible’s 
payload  pound  for  pound. 

m.  The  receptacle  should  be  polarized  to  the  component,  if  at  all  possible. 

n.  Redundant  seals  should  be  provided  between  the  plug  and  receptacle  interface. 

o.  The  connectors  should  be  non-proprietary. 

p.  Connector  contact  resistance  should  be  kept  low  as  practicable. 

q.  The  connector  assembly  should  be  capable  of  operating  satisfactorily  in  an  air  or  sea 
water  environment. 

r.  Mating  plugs  and  receptacles  should  be  scoop  proof.  (The  front  face  of  the  plug  should  not 
hit  against  the  pin  contacts  when  the  plug  passes  across  the  front  face  of  the  receptacle.) 

s.  The  connector  assembly  should  have  a  minimum  ten  year  service  life. 

t.  The  connector  assembly,  when  mated  to  a  cable,  should  be  capable  of  withstanding  2000 
hydrostatic  pressure  cycles  at.the  Sjpecified  operating  depth. 

u.  The  connector  should  be  designed  to  withstand  at  least  100  matings  and  not  show  wear  which 
would  be  detrimental  to  the  connector’s  operation,  electrically  or  mechanically. 

v.  The  connector  plug  boot  should  have  strain  relief  to  withstand  repeated  flexing  and  maintain 
a  watertight  bond  between  the  cable/boot  transition  and  the  watertight  bond  between  the 
boot/plug  shell  transition. 

w.  Mated  receptacles  and  plug/cable  harnesses  should  be  able  to  withstand  a  high  impact 
shock  test  and  a  vibration  test  without  physical  damage  or  significant  discontinuities  in  the 
electrical  circuits  and/or  loosening  of  mated  component  parts. 

x.  In  no  case  should  the  connector  be  designed  so  that  elastomeric  material  relaxation  may 
permanently  endanger  the  pressure  holding  ability  of  the  seal. 

y.  Protective  covers  should  be  provided  on  all  plugs  and  receptacles  to  protect  the  harness 
and  penetration  components  against  contamination  or  handling,  transportation,  and  instal¬ 
lation  damage. 

z.  Two  polarizing  keys  should  be  provided  each  receptacle  to  mitch  two  keyways  provided  on 
each  plug  shell. 

aa.  Straight  and  right  angle  cable  entry  at  the  rear  of  the  plugs  should  be  provided. 

ab.  Plug-to-receptacle  seal  should  be  provided  and  be  composed  of  automatic  squeeze  type 
gaskets  (O-rings). 

ac.  A  receptacle  to  component  seal  method  should  be  provided. 
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3.4.JL  CONNECTOR  CONFIGURATION—  The  connector  design  should  be  cylindrical  due  to 
external  hydrostatic  pressure  resisting  requirements,  the  relative  ease  of  sealing  the  cylindrical 
plug-to-receptacle  components,  and  the  ease  of  fastening  offered  by  cylindrical  components. 

Plugs  for  straight  and  right  angle  cable  entry  should  be  developed.  The  right  angle  plugs  are  an 
undesirable,  but  necessary  component;  they  are  more  difficult  to  fabricate,  wire,  and  mold  but 
in  many  cases  can  save  valuable  space.  Naturally,  connector  diameters  should  be  kept  as  small 
as  practicable  fe.-  weight  and  space  considerations. 

3.4.2  CONNECTOR  TYPES  AND  SIZES  --  Connector  shell  sizes  should  be  kept  to  the  smallest 
number  possible.  Every  effort  should  be  used  to  make  one  shell  size  accommodate  more  than  one 
pin  configuration,  bat  not  to  the  detriment  of  physical  and  electrical  characteristics  of  the  con¬ 
nectors.  Table  1-2  lists  the  connector  contact  configurations  required  for  recommended  cable 
types  and  sizes.  Table  3-2  shows  a  tabulation  of  eight  shell  sizes  and  recommended  contact 
configurations  for  each  size.  Table  1-2  also  shows  the  justification  for  the  sizes  selected.  Di¬ 
mensional  sizes  of  the  connectors  can  be  compared  roughly  with  the  list  of  connectors  for  the 
size  16  contacts  and  equating  this  to  the  diameter  of  MIL-C-24217  connectors. 

The  diametral  requirements  for  connectors  in  general  are  dependent  upon  the  size  of  the  elec¬ 
trical  contacts  and  the  connector  contact  complement.  With  this  factor  remaining  constant  for 
all  classes  of  connectors,  the  other  dimetral  considerations  are  the  various  hydrostatic  pressure 
requirements.  Because  this  last  consideration  has  the  greatest  effect  upon  connector  weight,  the 
greatest  possible  weight  saving  will  be  made  by  using  titanium  for  shell  material,  rather  than 
the  more  conventional  stainless  steel.  Connectors  for  higher  pressures  should  be  made  from 
lighter  and  stronger  titanium  and,  therefore,  will  be  about  the  same  overall  diameter  as  the 
MIL-C-24217  connectors. 


Table  3-2.  Recommended  Connector  Shell  Sizes 


SHELL  SIZE 

20 

16 

NUMBER  OF  CONTACTS  AND  SIZE 

12  8  4 

0 

0000 

1 

1 

1 

2 

5 

3 

1 

3 

10 

5 

3 

t 

4 

14 

9 

1 

5 

14 

3 

6 

24 

3 

l 

7 

85 

48 

3 

8 

3 

.  ... 
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Proper  connector  design  plays  a  greater  role  in  determining  „»:»nector  length  than  does  sub¬ 
mergence  pressure.  Major  considerations  along  this  line  include: 

a.  Provide  sufficient  length  for  proper  engagement  of  the  contacts  and  for  plug  and  receptacle 
lead  in  for  straight  mating. of  plugs  and  receptacles. 

b.  Make  the  polarizing  key  long  enough  torensure  correct  entrance  and  contact  engagement. 

c.  Make  thejplug  shell  long  enough  to  contain  the  elastomer  boot  bond  and  a  hermetic  water 
block  withcontacts. 

d.  Provide  enough  space  for  a  back  shell  potting  attachment. 

3.4.3  ELECTRICAL  REQUIREMENTS  --  It  has  been  determined  from  table  1-2  that  dielectric 
withstanding  voltage  requirements  for  control  and  signal  circuits  on  DSV's  are  minimal.  As  a 
result,  connector  designs  to  service  these  typo  circuits  will  have  a  test  voltage  of  1,  000  volts 
and  a  service  rating  of  300  vplts.  At  the  present  time  the  maximum  operating  voltage  for  circuits 
of  this  type  is  120  volts..  The  power  type  connectors  will  have  a  test  voltage  of  1, 900  volts  and  a 
service  rating  of  600  volts;., At  the  present  time  the  maximum  operating  voltage  for  D6V  power 
circuits  is.440  VA’C  (rms). 

The  proper  sizes  of  contacts  to  satisfy  CSV  requirements' have  been  selected  and  are  shown  in 
table  3-2.  Electrical  connectors  should  be  .designed  to  number  20,  16,  12,  8,  4,  0  and  0000  size 
contacts  to  suit  the  various  amperage  requirements  of  electrical/electronic  circuits  used  on 
DSVs  (see  table  2-2).  The  current  carrying  capacity  of  the  materials  used  in  electrical  connectors 
/is  compared  in  table  3-3  with  copper.  As  molybdenum  is  recommended  in  this  design  program 
for  the  pirrcontact  in  the  glass  sealed  connector  components,  it  can  be  concluded  that  the  current 
carrying  capacity  will  be  improved  over  presently  used  steel  pin  contacts. 


Table  3-3..  Conductor  Current  Carrying  Capacity  as  Compared  to  Copper 


MATERIAL 

PERCENT  CONDUCTIVITY. 

Copper  (99. 95%  pure) 

100 

Molybdenum 

33 

Brass 

26 

Steel  (B1113) 

12 

Cadmium  Chromium.  Copper 

90 
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3.4.4  PLUG  DESIGN  —  The  plug  should  be  cylindrical  and,  in  most  cases,  should  house  >»• 
socket  contacts,  sealed  and  insulated  in  a  plastic  elastomeric,  or  glass  insulator  housing,  The 
plug  should  have  a:  threaded  coupling  ring  and  house  the  necessary  plug-to-receptacle  seal,  A 
phig-to-receptucle  polarization  key  way  should  be  provided.  The  necessary  conductor  strain  re,',ief 
device  should  be  designed  to  withstand  the  full  hydrostatic  pro.  sure  loading  as  shouid  the  plug 
shell  flange  which  .Is  bottomed  against  the  face  of  the  receptacle.  Material  selection  is  a  primary 
consideration  in  the  plug  design. 

A!  the  rear  end  of  the  plug  pin  contact,  a  crimp  type  socket  contact  should  make  the  transition  to 
a  conductor.  The  front  contact  should  be  a  double  ended  socket  contact  sealed  inside  a  silicone 
insulator. 

At  the  rear  of  the  plug  web,  a  socket  contact  should  be  embedded  in  a  material  of  high  bulk 
modulus  and  high  compressive  strength.  This  provides  support  for  contacts  and  conductors  when 
they  are  subjected  to  high  hydrostatic  pressure  loading.  Tests  conducted  by  the  USN  have  shown 
this  area  to  be  one  of  the  most  critical  in  the  design  of  a  pressure  proof  connector  Cyclic  hydro¬ 
static  pressure  loading  of  connectors  has  resulted  in  Z  kinking  and  fracture  of  conductors  inside 
the  plug  shell  in  the  area.  These  conductor  failures  have  been  attributed  to  the  use  of  low  bulk 
modulus  potting  materials  such  as  neoprene,  or  voids  existing  inside  the  plug  shell  allowing  the 
conductors  to  bend  and  subsequently  break.  As  a  result,  much  design  attention  must  be  focussed 
in  the  connector-cable  interconnection  area.  The  use  of  filled  epoxy  compounds  as  recommended 
in  section  4  is  felt  to  be  mandatory  to  provide  the  proper  structural  support  for  the  conductors. 
References  7  and  8  provide  further  documentation  lor  this  problem  area.  Figure  3-12  shows 
typical  conductor  kinking  when  unsupported  and  subjected  to  hydrostatic  pressure  loading. 

Ali  plug  shells  should  have  a  feature  enabling  them  to  adapt  to  either  a  right  angle  or  straight 
cable  support  and  prepotting-form  back  shell.  The  proposed  right  angle  prepotting-form  back  shell 
can  be  positioned  to  give  any  desired  exiting  cable  angular  attitude.  This  angular  attitude  Is  the 
positional  relationship  between  the  existing  cable  plug  boot  and  the  plug  polarizing  key  ways.  The 
back  shell  cable  clamp  should  be  designed  to  accommodate  a  moderate  range  of  cable  diameters. 
Outsized  cable  diameters  require  a  special  clamp  and  prepottihg  back  shell. 

3.4. 5  RECEPTACLE  DESIGN  —  Receptacles  should  be  cylindrical.  This  shape  is  least  expensive 
to  machine  and  lends  itself  to  fastening  and  sealing  more  readily  than  other  configurations.  Glass 
sealing  manufacturing  procedures  are  better  adaptable  to  circular  receptacles.  The  receptacle 
should  house  one  plug-to-receptacle  seal  and  provide  a  sealing  surface  for  the  second  seal.  It 
should  also  provide  a  thread  for  fastening  the  plug  to  the  receptacle.  Polarizing  keys  for  the  plug/ 
receptacle  assembly  relationship  should  be  a  part  of  the  receptacles,  a  water  barrier  should  be 
provided  for  in  the  receptacle  at  the  web  section.  Methods  of  fastening  receptacles  to  components 
should  be  by  use  of  a  bolted  flange,  welding,  or  by  a  lock  nut  and  flange.  See  figure  3-13. 
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Figure  3-12.  Typical  Conductor  Damage  Due  To  Cycling  Hydrostatic  Pressure 
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With  respect  to  the  plug-to-receptacle  mating  sequence,  the  following  mating  sequence  steps  are 
recommended: 

a.  The  plug  is  polarized  to  the  receptacle  with  the  use  of  keys  and  keyways.  There  is  neither 
pin-socket  electrical  contact  engagement  at  this  juncture;  nor  coupling  of  the  plug  to  the 
receptacle. 

b.  The  plug  and  receptacle  having  been  polarized,  the  plug  coupling  ring  now  engages  the 
threads  of  the  receptacle. 

c.  As  the  coupling  ring  is  fastened  to  the  receptacle,  the  pin  contacts  begin  engaging  the 
socket  contacts,  and  electrical  engagement  takes  place  between  the  pin  and  socket  contacts. 

Another  important  requirement  in  the  plug  receptacle  design  is  the  need  for  a  scoop  proofness. 

As  seen  in  figure  3-14  the  plug  shell  should  not  be  capable  of  contacting  the  pin  contacts  in  the 
receptacle  under  any  other  than  properly  aligned  mating  conditions.  This  is  especially  important 
for  the  smaller  size  contacts  such  as  20  or  16  'AWG. 

3.4. 5. 1  WELDING  TITANIUM  RECEPTACLES  —  Titanium  alloy  (TI-6AL-4V)  can  be  welded 
with  a  high  degree  of  reliability  and  the  welds  have  the  same  high  degree  of  corrosion  resistance 
as  the  base  metal  in  a  sea  water  environment  (see  reference  9).  Fusion  welding  either  by  the  TIG 
or  MIG  process  can  be  accomplished  with  or  without  filler  wire.  The  more  important  factors  in 
welding  TI-6AL-4V  are  joint  preparation,  fit-up,  and  shielding  of  the  weld  and  heated  zones  to 
preclude  pickup  of  contaminants  from  the  air  by  the  molten  or  hot  titanium.  Shielding  may  be 
accomplished  by  flooding  the  area  immediate  to  the  weld  with  an  inert  gas  or  may  be  accomplished 
by  welding  in  a  chamber  filled  with  an  inert  gas  arid  purged  of  the  common  contaminants,  oxygen, 
hydrogen,  nitrogen  and  carbon.  Both  metal  and  filler  wire  must  be  thoroughly  cleaned.  The  weld 
should  be  blanketed  at  the  top  and  bottom  with  inert  gas.  Metal  degreasing  should  be  accomplished 
with  alcohol  or  acetone.  Never  use  steel  wool  or  sand  paper  for  dirt  removal.  A  clean  stainless 
steel  brush  should  be  used  for  this  purpose.  The  filler  wire  should  be  cleaned  and  the  end  removed 
just  prior  to  use.  Wire  feed  should  be  continuous,  not  dabbed.  Careful  shielding  is  essential  to 
successful  welding,  and  helium  or  argon  must  replace  the  air  at  both  top  and  bottom  of  the  weld. 

Resistance  welding  of  TI-6AL-4V  is  also  possible  and  techniques  are  much  the  same  as  would  be 
u»»ed  for  stainless  steel.  Inert  gas  protection  is. not  necessary  due  to  the  proximity  of  the  mating 
surfaces.  Electron  beam  welding  can  also  be  used  with  this  alloy. 

Rision  welding  by  the  TIG  method  is  recommended  for  use  on  glass  sealed  contact  connectors 
discussed  in  this  section.  The  method  permits  intense  localized  heat  buildup  without  excessive 
heat  buildup  in  the  area  of  the  glass  seal  which  could  be  damaging  to  the  glass.  TIG  produces  a 
superior  weld  with  the  temperature  restricting  conditions  imposed  by  the  connector  weld  procedure. 

3.4. 6  MATERIAL  SELECTION  —  Selection  of  plug,  receptacle  shell  and  coupling  ring  materials 
is  one  of  the  most  important  design  decis/ora  to  be  made.  The  materials  used  affect  the  size, 
weight  and  projected  life  of  the  components.  The  most  desirable  materials  are  those  with  high 
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Figure  3-14.  Scoop-Proof  Connector  Requirement 


corrosion  resistance;  specifically  Inconel,  Has'celloy  C,  and  titanium  alloys  which  have  demon¬ 
strated  the  highest  resistance  to  crevice  corrosion  attack  in  a  sea  water  environment.  It  will 
also  be  noted  that  these materials  also  possess  excellent  mechanical  properties  because  their 
ultimate  tensile  strengths  are  in  ex  cat”  of  .100, 000  pounds  per  square  inch.  These  materials  will 
assist  in  keeping  the  connector  weight  ,.j.d  slue  to  a  minimum.  Non-metallic  material!?  cari.aiso 
be  considered.  Although  the  mechanical  properties  of  most  o.  the  plastics  cannot  be  compared 
with  metals,  many  do  offer  excellent  cerrc»3ion  resistance  as  well  as  weight  savings.  Some  of 
their  limitations,  however,  include  relatively  low  impact  strengths  as  well  as  poor  moisture 
absorption  and  aging  characteristics. 

The  use  of  titanium  for  the  pressure  resisting  components  of  connectors  and  penetrators  because 
of  its  physical  and  corrosion  resisting  properties  is  presented  elsewhere  in  this  handbook  (sec¬ 
tion  5).  When  weight  and  space  saving  are  desirable,  they  can  he  best  obtained  through  the  use 
of  a  lightweight,  high  strength  material  such  as  titanium,  because  other  lightweight  materials 
do  not  have  i  strength  or  as  good  corrosion  resistant  properties.  Table  3-4  is  a  listing  of 
specific  gravities  of  materials  which  can  be  considered  in  connector  and  penetrator  design. 

3.4.7  PIN  AND  SOCKET  CONTACT  DESIGN  —  Pin  and  socket  contact  configurations,  specific 
resistivity  of  materials,  plating,  dimensional  tolerances,  surface  finish,  hardness  of  metal  and 
conductor  termination  and  design  are  all  important  considerations  in  tlie  development  of  an  elec¬ 
trical  connector.  Contacts  should  have  low  specific  resistivity  and  should  approach  the  current 
carrying  capability  of  copper  (see  table  3-5).  Pin  and  socket  contacts  in  the  sliding  area  should 
be  gold  plated  in  accordance  with  MIL-C-45204  and  underplated  with  a  copper  flash  (reference  11). 
Surface  finishes  sire  to  be  smooth  to  ensure  a  mating  action  which.. will  not  tear. or  scratch  the 
contact  and  at  the  same  time  provide  maximum  surface  engagement  between  the  pin  and  socket 
contact.  Every  effort  will  be  made  to  use  standard  contact  configurations.  The  most  logical 
chpices  are  MIL-C-22857,  MIL-C-39029,  and  NAS' 1599.  These  contacts  should  be  uced  with 
standard  MS  crimping  tools  TIL-T-22520  and  MS  3191.  Where  glass  insulation  is  used,  the  glass- 
sealed  contacts  should  be  fabricated  from  molybdenum.  Brass  and  bronze  should  be  used  when 
pressure  requirements  dp  not  call  for  the  .glass  or  ceramic  insulations.  Molybdenum  is  preferred 
over  the  conventional  B1I13  steel  because  the  contact  resistance  i?  lower  and  the  pins  are  stiffer 
and  not  so  easily  bent  or  damaged.  See  table  3-6.  When  glass -insulated  pins  require  the  use  of 
solder  pots,  they  should  conform  to  the  requirements  of  MIL-C-5015.  Contact  sizes  larger  than 
16  size  should  conform  to  the  requirements  of  MIL-C-5015.  Table  3-7  gives  the  contact  pin 
diameters  that  should  be  used  in  all  connector  groups. 

3.4. 8  CONNECTION  -  CONDUCTOR  TO  SOCKET  CONTACT  —  The  cable  conductors  can  be 
electrically  connected  to  the  socket  contact  pins  by  solder,  crimp,  or  caper  pin  insertion.  All  of 
these  methods  are  compatible  with  the  connector  design,  considered  from  a  space  viewpoint. 
Welded,  clamped,  or  wire  wrap  methods  are  not  seriously  considered  because  of  the  relatively 
large  space  required  to  make  a  multicontact  assembly. 
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Table  3-4.  Approximate  Specific  Gravities  of  Materials 


* 


SUBSTANCE  SPECIFIC  GRAVITY 


Gold 

19.3 

Rhodium 

12.4 

Lead 

11.3 

- 

10.7 

Silver 

10.5 

Molybdenum 

10.2 

Brasses,  Yellow 

9.96 

- 

7.70 

Copper 

8.95 

- 

8.89 

Haste'uoy  C 

8.95 

Cupro-Nickel (70-30) 

8. 94 

Silicon  Bronze 

8.91 

- 

7.09 

Phosphor  Bronze 

8.  88 

- 

8. 74 

Tin  Bronze  (Cast) 

a;  85 

- 

8.  60 

Monel 

8.84 

- 

8.48 

Berylco  717  (Be-Cu-Ni) 

8.  81 

K  Monel  (Ni-Cu-Al) 

8.49 

Admiralty  Brass 

8.52 

Inconel  825 

8.44 

- 

8. 08 

Leaded  Naval  Brass 

3.44 

4 

Naval  Brass 

8.41 

Manganese  Bronze 

8.36 

Beryllium  Copper 

8.24 

- 

8.18 

Cr-Ni-Fe  Superalloy 

8. 17 

- 

7.88 

Stainless  Steel  (Aus) 

8.02 

- 

7.75 

216  SST 

7.95 

IfY  30,  100,  150,  &  230  Alloy  Steel 

7.9 

Armco  22-13-5  Stainless  Steel 

7.9 

Carbon  Steel 

7.83 

17  -4  PH  Stainless  Steel 

7.79 

Stainless  Steel  (Fer) 

7.75 

- 

7.47 

Stainless  Steel  (Mar) 

7.75 

Wrought  Iron 

7.69 

Tin 

7.30 

- 

7.25 

Zinc 

7.17 

- 

8.64 

High  Lead  Glass 

6.22 

3-29 


Table  3-4.  (Cont'd) 


SUBSTANCE  SPECIFIC  GRAVITY 


Titanium 

4.73 

- 

4.43 

Epoxies  (Cast)  Ht  Res 

3.2 

- 

1.15 

Phenoiics  (molded) 

3.0 

- 

1.24 

Aluminum  Alloy  6061 

2.71 

Epoxies  (Cast)  GP 

2.4 

- 

1.12 

Borosilicate  Glasses 

2.3 

- 

2.1 

TFE  Flurocarborc 

2.4 

- 

2.1 

Melamines 

2.0 

- 

1.43 

Silicones  (Molded) 

2.0 

- 

1.6 

Epoxies  (Molded) 

1.85 

Diallyl  Plithalate  (Gl) 

1. 59 

- 

1.55  (1.63) 

Polysulfone  40%  GF 

1. 55 

PVC 

1. 55 

- 

1. 16 

Nylon  Type  6/6  40%  GF 

1. 52 

Nylon,  Glass  Filled 

1.  51 

- 

1.30 

Polycarbonate  40%  GF 

1.51 

Acetal  20%  GF 

1.53 

Polycarbonate 

1.51 

- 

1.20 

Styrene  Acylonitrile  (S.  A.  N)  33%  GF 

1.46 

Polyesters  (Cast) 

1.46 

- 

1.06 

Acetal 

1.43 

ABS  Resin  40%  GF 

1.38 

Polysulfhide  Rubber 

1.35 

Polyphenylene  Oxide  (PPO)  30%  GF 

1.27 

Neoprene  Rubber 

1.25 

- 

1.20 

Silicone,  Urethane  Rub. 

1.25 

Phenoiics  (Molded) 

1.24 

- 

3.0 

Nylon  6, 11,  66  &  610 

1.14 

- 

1.09 

ABS  Resins 

1.07 

- 

1.01 

Water  -  Sea  Water 

1.02 

- 

1.03 

Water 

1.0 

Water,  Ice 

0. 88 

- 

0.92 

Polyethylene  (AD) 

0.96 

- 

0.94 

Polyethylene  (MD) 

0. 94 

- 

0.93 

Natural  Rubber 

0.93 

Polypropylene 

0.91 

- 

0.90 

Butyl  Rubber 

0.90 
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Table  3-4.,  (Cont'd) 

SUBSTANCE  SPECIFIC  GRAVITY 

American  Hardwoods 
American  Softwoods 

The  specific  gravity  of  a  solid  or  liquid  is  the  ratio  of  the  mass  of  the  body  to  the  mass  of  an 
equal  volume  of  water  at  some  standard  temperature. 

To  obtain  density  in  lb/cubic  inch,  multiply  by  0. 0361.  To  obtain  lb/cubic  foot,  multiply  by 
62.43  (from  reference  10). 


.7  -  0.4 
.5  -  0.4 


Table  3-5.  Electrical  Resistivity  of  Metals 


ELECTRICAL  RESISTIVITY 
(MICRO  OHM  -  CM) 

MATERIAL  High  Low 


Silver 

1.59 

Copper 

2.03 

Gold 

2.35 

Commercial  Bronze  -  90%  Annealed 

3.90 

Red  Brass  -  85%  Annealed 

4.70 

Rhodium 

4.51 

Beryllium 

5.00 

Molybdenum 

5.17 

Low  Brass  -  80%  Annealed 

5.40 

Tungsten 

5.48 

Beryllium  Copper 

5.82 

4.  8?. 

Zinc 

6.06 

Cartridge  Brass  -  70%  Annealed 

6.20 

Aluminum  and  its  Alloys 

6.30 

2.80 

Yellow  Brass,  Annealed 

6.40 

Leaded  Brasses 

6.60 

4.10 

Rilladium 

10.80 

Free  Cutting  Steels 

14.30 

Platinum 

14.90 

Phosphor  Bronze 

16.00 

3.60 

Magnesium  Allows 

17.00 

5.00 

Carbon  Steels 

19.00 

14.30 

Cupro-nickel 

37.00 

15.00 

Ferritic  Stainless 

72.00 

40. 00 

Martensitic  Stainless 

67.00 

60.  o;j 

Austenitic  Stainless 

78. 00 

69.00 

Titanium  and  Alloys 

176. 00 

90. 00 

(from  reference  10) 


Table  3-6.  Specific  Stiffness  of  Metals 


Specific  Stiffness  E/P  10®  In.  or  Stiffness  -  Weight  ratios  are  obtained  by  dividing  modulus  of 
elasticity  in  tension  (psi)  by  density  (1  lb./cu  in. ) 

YIELD  STRENGTH  TENSILE  STRENGTH 


MATERIAL 

Ratio 

High 

Low 

High 

Low 

Beryllium 

657 

55 

45 

90 

60 

Molybdenum  and  Alloys 

12? 

105 

82 

125 

95 

Titanium  and  Alloys 

Ill 

150 

40 

240 

145 

Carbon  Steels 

106 

188 

58 

237 

75 

Aluminum  and  Alloys 

105 

26 

8 

60 

22 

Ferritic  Stainless 

104 

80 

45 

85 

65 

Martensitic  Stainless 

104 

105 

25 

125 

65 

Free  Cutting  Steels 

102 

100 

60 

110 

70 

Magnesium  Alloys 

102 

44 

19 

54 

— 

Austenitic  Stainless 

100 

55 

30 

115 

80 

Rhodium 

94 

— 

— 

300 

73 

Tungsten 

84 

220 

— 

220 

— 

Cupro-Nickles 

68 

73 

-- 

60 

44 

Beryllium  Copper 

64 

35 

25 

80 

60 

Red  Brass  85% 

54 

10 

— 

70 

— 

Common  Bronze  90% 

54 

10 

— 

61 

— 

Leaded  Brass 

53 

20 

17 

80 

55 

Phosphor  Bronze 

53 

28 

14 

130 

65 

Copper 

53 

10 

— 

35 

32 

Low  Brass  80% 

51 

12 

— 

74 

— 

Yellow  Brass 

49 

14 

— 

46 

„ 

Ifelladium 

39 

5 

— 

28 

20 

Platinum 

27 

5.5 

— 

30 

28 

Gold 

17 

30 

-- 

19 

— 

(from  reference  10) 
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Table  3-7.  Pin  Contact  Design  Information 


STRANDED  WIRE  SIZES 


CONTACT  SIZE 

PIN  DIAMETER 
(Inches  1 . 001) 

ACCOMMODATED 
IN  CRIMP  BARREL 

4/0 

.500 

4/0  -  2/0 

1/0 

.357 

1/0  -  2 

2 

.  283 

2  -  4 

4 

.225 

4  -  6 

6 

.178 

6  -  8 

8 

.142 

8-10 

10 

.125 

10  -  12 

12 

.094 

12  -  14 

16 

.0625 

16  -  20 

20 

.040 

20  -  24 

22 

.  030  t . 0005 

22-24 

23 

.  027  t  .  0005 

22  -24 

*24 

. 025  1 . 0005 

24  -26 

*26 

.  020  i .  0005 

26-28 

*28 

.  015  +  . 0005 

28-30 

*EIA  Recommendations  in  STDS  Proposal  No.  1017 
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The  primary  requisite  for  the  selection  of  a  connection  in  this  design  is  good  conductivity  and 
mechanical  strength.  The  mechanical  aspects  of  the  joint  are  critical,  since  the  connection  is 
subjected  to  mechanical  stresses  during  actual  service  conditions. 

Soldering  is  the  most  widely  used  method  for  making  electrical  connections.  Soldered  connections, 
however,  have  been  vigorously  attacked  by  electronic  firms  in  me  past  fifteen  years  as  unreliable. 
In  missile  components,  with  thousands  of  electrical  connections,  100  percent  reliability  is  re¬ 
quired  for  perfect  missile  functioning.  All  electronic  component  manufacturers  are  agreed  that 
the  reliability  of  a  soldered  joint  depends  on  the  man  who  makes  the  joint.  If  he  follows  accepted 
soldering  procedures  then  a  good  joint  will  result. 

In  the  past  decade,  crimped  electrical  connections  have  come  into  general  use.  In  this  design,  a 
contact  is  percisely  crimped  to  a  conductor  with  a  special  crimping  tool;  each  connection  can  be 
made  the  same  way  each  time  (reference  12).  For  these  reasons  the  use  of  crimp  joint  connec¬ 
tions  is  recommended  in  this  design. 

Cable  shields  should  be  terminated  with  inner  and  outer  military  standard  crimp  rings  with  pig- 

« 

tails  terminated  at  the  contacts.  This  standard  system  has  proved  most  adequate  over  the  years 
in  all  cable  connector  environments.  Also,  the  Raychem  Corp.  solder  sleeves  are  considered 
acceptable  for  terminating  cable  shields. 

3.4.9  FASTENING  -  PLUG  TO  RECEPTACLE  —  Of  the  coupling  mechanisms  to  be  considered 
for  fastening  the  plug  to  the  receptacle,  the  two  most  used  in  the  connector  industry  for  cylin¬ 
drical  connectors  are  threaded  and  bayonet-type  coupling  rings  (references  13,  ii  and  15).  Other 
types  used  with  rack  and  panel  type  connectors  do  not  apply  here.  Due  to  plug-to-receptacle 
sealing  considerations,  the  threaded  coupling  ring  offers  the  most  positive  fastening  and  sealing 
mechanism  for  underwater  use.  A  tool,  however,  is  required  to  ensure  proper  mating  of  the  plug 
and  receptacle  and  to  prevent  loosening  under  vibration  and  impact  shock  conditions.  This  coupling 
mechanism  lias  proven  satisfactory  in  past  years  as  very  few  underwater  dry  connector  matings 
are  made  during  the  life  of  an  assembly.  Bayonet-type  coupling  rings  are  normally  best  used 

in  quick  disconnect  applications,  such  as  are  required  with  laboratory  test  equipment  where  many 
matings  are  required  during  the  life  of  the  components. 

Consideration  should  be  given  to  the  use  of  stub  Acme  and  the  standard  V  thread  design  for  threaded 
coupling  rings.  The  coupling  ring  material  is  chosen  for  its  corrosion  resistance,  weight,  and 
galling  and  seizing  properties.  A  hook  or  pin  type  spanner  wrench  should  be  used  to  operate  the 
coupling  ring.  The  coupling  ring  for  the  pressure  proof  lightweight  connectors  should  be  fabricated 
from  titanium. 

3.4. 10  SEALING  -  PLUG  TO  RECEPTACLE  -  Water  leakage  paths  at  the  plug  and  receptacle 
interface  should  be  sealed  with  two  automatic  squeeze-type  gasket  O'-rings.  This  type  of  seal  lias 
proved  most  adequate  in  past  years.  Redundant  flange  and  radial  gaskets  are  used  as  a  safety 
measure  should  one  gasket  be  inadvertently  omitted  or  damaged  by  installing  personnel.  This 


metal-to-metal  O-ring  steal  lias  proved  to  be  one  of  the  least  troublesome  design  elements  in  the 
underwater  connector  developments  of  the  past  fifteen  years  (reference  16).  Standard  O-ring 
compounds  of  BUNA  N  satisfy  the  environment  very  well  and  have  proven  adequate  over  a  ten- 
year  span.  Figure  3-15  depicts  recommended  O-ring  dovetail  groove  dimensions  for  plug-to- 
receptacle  primary  seals. 

3.4. 11  INSULATION  AND  SEAL  -  PIN  CONTACT  —  Pin  contacts  which  are  normally  part  of  the 
fixed  receptacle  in  unde  rwater  applications,  are  generally  sealed  in  ceramics,  elastomers,  glass, 
and  plastics.  The  insulation  serves  both  as  a  dielectric  and  a  seal  to  resist  the  forces  of  hydro¬ 
static  pressure  which  may  be  transmitted  through  the  plug  and  cable  assembly.  More  important, 
should  the  cable  or  plug  become  damaged,  the  conductor  seal  must  prevent  the  full  water  pressure 
from  penetrating  further  into  the  system  (component  or  pressure  hull).  While  glass,  ceramic, 
and  silicoceramio  pin  insulations  will  be  used  for  high  pressure  applications,  combinations  of 
plastics  (epoxies)  ana  customers  can  be  used  for  low  pressure  applications.  In  order  to  take 
advantage  of  the  outstanding  sealing  characteristics  of  glass,  ceramics,  and  silicoceramic 
materials,  high  pressure  plugs  should  also  use  this  sealing  principle.  It  is  expected  that  these 
materials  will  be  able  to:  first,  protect  the  cable  harness  should  the  plug-to-receptacle  seals 
fail,  and  secondly,  protect  the  receptacle  should  the  harness  cable  be  damaged.  As  stated 
earlier,  it  is  recommended  that  the  high  pressure  connector  pin  contacts  should  be  double  ended 
pins  and  will  require  a  socket  contact  at  each  end.  The  low  pressure  pin  contacts  would  have 
crimping  pots  at  the  back  end. 

For  the  underwater  electrical  connector  designs  being  considered,  of  primary  concern  is  the 
sealing  and  insulating  of  the  electrical  contacts  within  the  receptacle  or  plug  shells.  This  applies 
particularly  to  the  hermetic  seals.  A  conductive  path  must  be  provided  through  the  pin  contacts 
without  existence  of  electrical  leakage  paths  through  or  across  the  surface  of  the  insulating 
material.  Connectors  must  be  electrically  sound  when  delivered  by  the  connector  manufacturer, 
they  must  stand  the  rigors  of  storage,  installation  within  components,  shipboard  installation  at 
the  shipyard,  and  during  their  life,  be  maintainable.  The  USN  has  found  in  the  past  ten  years  that 
compression  glass  sealing  contacts  is  one  of  the  most  effective  sealing  methods  available. 

This  method  was  developed  to  provide  the  most  positive  sealing  technique  available.  See  reference 
17  through  26  for  information  on  glass  dealing.  Glass  sealing  has  been  classified  as  a  Grade  A 
seal  in  accordance  with  MIL-S-8484  (USAF)  (reference  27).  A  Grade  A  seal  is  defined  as,  one 
which  i3  accomplished  by  fusion  of  metal  with  ceramic  materials,  including  also  the  fusion  of 
metals  by  welding,  brazing  or  soldering;  the  fusion  of  ceramic  materials  using  heat  or  pressure, 
and  the  fusion  of  ceramic  materials  into  a  metallic  support.  The  use  of  compression  seals  between 
metal  and  glass  falls  within  the  Grade  A  classification.  Under  the  development  mentioned  above, 
the  use  of  compression  glass  sealing  techniques  has  resulted  in  the  issuance  of  three  underwater 
connector  military  specifications  (MIL-C-22539,  MIL-C-22249  and  MIL-C-24217). 
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Figure  3-15.  Recommended  O-Ring  Dovetail  Groove  Dimensions 
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The  hermetic  seal  between  the  pin  contact  and  the  web  section  within  a  receptacle  must  produce 
a  receptacle  capable  of  being  pressu.ee  tested  up  to  one  and  one-half  times  the  connector  operating 
depth.  The  glass  insulating  seal  material  around  the  receptacle  pin  contacts  should  be  designed 
on  the  basis  that  the  length  of  the  electrical  creep  path  across  the  surface  of  the  glass  will  with¬ 
stand  35  volts  per  mil.  at  the  following  conditions: 

a.  Room  temperature 

b.  At  sea  level 

c.  Relative  humidity  of  50  percent 

Costs  are  greater  than  those  incurred  in  the  manufacture  of  plastic  connector  or  molded  elastomer 
connectors.  Glass  beads  must  be  held  to  a  minimum  outside  diameter  to  provide  a  compact  pin 
layout  to  yield  a  compact  connector  envelope.  Another  problem  encountered  when  using  hermet¬ 
ically  sealed  contacts  occurs  during  the  firing  process  in  manufacture;  namely,  obtaining  a  void 
free  bead,  crack  free,  and  uncontaminated  surface  of  the  glass  insulation. 

To  obtain  good  quality  glass  insulation,  the  manufacturing  process  has  to  be  rigorously  controlled 
and  requires  a  greater  technical  ability.  Glass  defects  will  cause  low  insulation  resistance,  the 
connector  to  break  down  electrically  at  a  low  voltage,  and  cleaning  difficulty  because  of  entrapped 
moisture  or  dirt  within  the  glass  cracks  or  voids.  For  a  hermetic  connector  to  be  completely 
effective,  the  glass  sealing  surfaces  must  be  readily  cleanable  following  exposure  to  water.  These 
defects  have  been  classified  as  major  (MIL-C-24217)  and  therefore  cannot  be  tolerated. 

Another  difficulty  encountered  is  the  loss  of  float  in  hermetically  sealed  receptacles,  that  is,  the 
built-in  ability  of  an  electrical  contact  to  move  slightly  within  its  insulator,  thus  adjusting  itself 
to  any  small  amount  of  contact  misalignment. 

During  the  assembly  process  of  the  plug  and  receptacle,  float  will  take  care  of  a  small  alignment 
problem.  Fixturing  receptacle  shells,  pin  contacts,  and  glass  beads  during  the  firing  process 
has.  to  be  done  to  very  close  tolerances  to  overcome  the  loss  of  contact  float. 

3.4. 12  INSULATION  AND  SEAL  -  SOCKET  CONTACT  —  The  socket  contact  insulation  and  seal 
is  normally  located  in  the  plug.  The  insulator  should  seal  the  contact  to  the  plug  body  and  provide 
proper  electrical  insulation.  Also,  the  insulation  should  provide  rigid  support  for  the  contacts 
to  withstand  the  high  hydrostatic  forces.  Candidate  materials  for  this  component  include  glasses, 
ceramics,  plastics,  and  elastomers.  To  protect  the  cable  harness,  it  is  desirable  to  seal  the 
socket  contacts  and  insulator  to  the  plug  to  prevent  water  flow  into  the  plug  internals  should  the 
plug  be  inadvertently  disconnected  in  water.  With  this  protection  and  proper  cleaning,  the  harness 
assembly  can  be  used  again. 

The  selection  of  insulating  materials  for  electrical  connectors  should  be  based  on  an  appraisal  of 
the  electrical,  mechanical,  thermal  and  chemical  requirements  of  a  particular  application  in 
relation  to  the  properties  of  potential  candidate  materials. 
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In  this  selection  process,  fabrication  characteristics,  including  tooling,  required  tolerances, 
production  rate,  and  material  cost  must  also  be  considered. 

Electrical  properties  important  in  a  particular  insulator  application  include: 

a.  Dielectric  strength 

b.  Insulation  resistance 

c.  Dielectric  constant 

d.  Dissipation  factor 

e.  Arc  resistance 

f.  Tracking  resistance 

g.  Corona  resistance 

Mechanical  properties  include: 

a.  Tensile  strength  and  ultimate  elongation 

b.  Flexural  strength  and  modulus 

c.  Compressive  strength 

d.  Shear  strength 

e.  Impact  strength 

f.  Hardness 

g.  Dimensional  stability/linear  shrinkage 
Thermal  properties  that  are  important  include: 

a.  Coefficient  of  thermal  expansion,  relative  to  dimensional  stability 

b.  Heat  aging  resistance  -  affecting  dimensional  stability  and  other  properties 

c.  Short  term  temperature  resistance 

d.  Heat  deflection  temperature 

e.  Thermal  shock  resistance 

f.  Flammability 

Chemical  properties  of  importance  include: 

a.  Moisture/water  resistance,  absorption 

b.  Resistance  to  cleaning  solvents 

c.  Ozone  resistance 

d.  Sunlight/weather  resistance 

All  insulating  materials  have  specific  desirable  characteristics  and  other  properties  that  are  less 
than  optimum.  The  selection  of  an  insulating  material  represents  a  compromise  or  balancing  of 
desired  properties  with  property  limitations. 

Dielectric  strength  is  the  material  property  of  greatest  concern  in  considering  insulating  materials. 
This  breakdown  occurs  when  the  applied  electrical  stress  exceeds  the  dielectric  strength  of  the 
insulating  material.  "When  a  solid  dielectric  has  been  punctured,  the  insulation  is  weakened  and 
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continued  leakage  (as  a  direct  short  circuit)  results  in  a  complete  breakdown.  The  capability  of 
withstanding  voltage  impingment  is  one  of  the  most  important  electrical  properties  in  a  plastic 
part"  (reference  28). 

This  property  is  evaluated  by  withstanding  a  voltage  test.  A  specimen  is  subjected  to  ac  voltage 
increased  at  a  controlled  rate.  The  major  material  variables  affecting  dielectric  strength  results 
are:  thickness,  area,  directionability,  time,  temperature,  humidity,  frequency  (reference  28). 

Insulation  resistance  might  better  be  defined  as  electrical  resistance.  It  is  the  combined  effect 
of  surface  resistivity  and  volume  resistivy.  "Surface  resistivity  is  extremely  sensitive  to  vari¬ 
ations  in  surface  moisture  content  and,  therefore,  to  changes  in  relative  humidity.  Volume 
resistivity  in  most  plastics  is  very  high  at  room  conditions  and  requires  long-time  exposures  at 
elevated  humidity  to  reach  equilibrium  values  (reference  28). 

Dielectric  constant  (or  permittivity)  of  a  plastic  is  the  relative  ratio  of  the  ability  of  a  given 

volume  of  dielectric  material  between  two  conductors  to  store  electrostatic  energy  compared  to 

an  equal  volume  of  air  as  the  dielectric.  This  is  very  critical  in  high  radio  frequency  applications. 

• 

"The  dissipation  factor  (or  loss  tangent)  of  a  plastic  is  the  ratio  of  the  parallel  reactance  to  the 
parallel  resistance,  or  the  tangent  of  the  loss  angle.  When  actual  values  are  small,  the  dissi¬ 
pation  factor  (tangent)  is  practically  equal  to  the  power  factor  (sine)  which  is  the  ratio  of  the 
power  in  watts  dissipated  in  the  capacitor  formed  by  the  plastic  dielectric  to  the  effective  volt- 
amperes.  In  most  all  electrical  applications,  it  is  desirable  to  name  a  low  value  of  dissipation 
factor  in  order  to  minimize  the  conversion  to  heat  energy  and  to  reduce  the  effect  of  power  loss 
on  the  network.  Many  microwave  and  radar  applications  require  that  the  dissipation  factor  be 
held  to  extremely  low  values  so  that  the  signals  or  transmissions  are  not  distorted  by  the  dielec¬ 
tric.  In  coaxial  cables,  the  dissipation  factor  is  useful  in  estimating  the  contribution  of  dielectric 
losses  to  the  total  attenuation"  (reference  28).. 

"The  loss  factor  of  a  plastic  is  the  product  of  the  dielectric  constant'and  the  dissipation  factor, 
and  is  proportional  to  the  energy  loss  in  the  dielectric.  In  practically  every  insulating  application, 
a  low  value  of  loss  factor  is  desirable  in  order  to  reduce  the  heating  of  the  material  and  to  mini¬ 
mize  the  effect  on  the  rest  of  the  network.  This  is  particularly  important  at  high  frequencies 
because,  with  a  given  loss  factor,  the  power  loss  increases  directly  with.frequency"  (reference 
28). 

Arc  resistance  refers  to  the  characteristic  of  insulating  materials  to  resist  carbonization  (usually 
called  tracking)  of  the  material  surface  between  electrodes  due  to  voltage  breakdown. 

Track  resistance  measures  the  ability  of  the  solid  insulating  material  to  withstand  the  action  of 
arcs  produced  by  conduction  through  the  surface  films  of  a  specified  contaminant  containing 
moisture.  Charging  of  the  insulation  during  arc-over  has  a  degrading  and  accumulative  effect. 
Flash-over  is  an  electrical  breakdown  of  an  insulating  material  such  as  air  surrounding  two 
insulated  parts. 
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Corona  relates  to  the  ionization  of  air  surrounding  a  conductor  and  is  caused  by  the  influence  of 
high  voltage.  (See  reference  29.) 

The  desired  physical  properties  of  insulators  as  noted  earlier  are  straightforward  and  do  not 
require  much  explanation.  In  past  years,  the  compressive  strength,  impact  strength  and  dimen¬ 
sional  stability  of  the  socket  contact  insulators  have  been  of  great  importance.  The  design  of  the 
MIL-C-2421?  connector  required  insulator  materials  with  these  properties  because  the  plastic 
acts  as  a  load  bearing  member  when  the  plug  is  subjected  to  hydrostatic  pressure.  Materials 
suchasdeltln,  polycarbonate,  epoxy,  melamine,  and  diallyl  phthalate  were  evaluated.  Glass- 
filled  diallyl  phthalate  was  the  only  candidate  material  which  fully  met  the  physical  requirements. 
Reference  30  shoulci  also  be  referred  to  for  electronic  materials  selection  considerations. 

The  following  listing  was  compiled  by  a  major  insurance  company.  They  noted  that  approximately 
85  percent  of  electrical  apparatus  failures  were  due  to  insulation  failures. 

Major  Cause  of  Insulation  Failure  in  Service  (reference  29). 

a.  Unusual  surge  voltages. 

b.  Faulty  design  with  insufficient  margin  or  use  of  unsuitable  materials. 

c.  Mechanical  damage  due  to  improper  handling  or  introduction  of  foreign  matter. 

d.  Contamination  on  the  accumulation  of  dirt,  oil,  moisture  or  the  chemical  due  to  faulty 
maintenance  or  improper  operating  conditions. 

e.  Moisture  absorption  which  reduces  insulation  resistance  and  dielectric  strength  levels. 

f.  Thermal  aging  as  a  result  of  excessive  operating  temperatures  whi-  h  render  the  insulation 
vulnerable  tc  many  causes  of  failure. 

g.  Corona  deterioration  at  points  of  high  voltage  stress. 

As  the  glass  sealed  pin  contact  header  section  in  the  plug  shell  supports  the  hydrostatic  pressure 
loading,  the  socket  contact  insulator  and  seal  in  the  front  face  of  the  plug  is  not  considered  a 
critical  material  selection  problem.  A  compression  molded  silicone  rubber  compound  is  recom¬ 
mended  at  the  rear  of  the  plug  shell  as  the  material  must  insulate  and  support  the  conductors  in 
this  area.  Table  3-8  offers  property  values  for  the  insulator  materials  considered  in  this  study. 

3.4. 13  SEAL-CABLE  TO  PLUG  —  The  major  design  consideration  in  this  seal  is  to  provide  a 
watertight  joint  between  a  rigid  non-elastic  material  (the  p’ug)  and  an  elastomeric  material  (the 
cable).  See  figure  3-16.  A  hermetically  sealed  connector  is  useless  if  water  leaks  between  the 
cable  and  plug. 

The  automatic  squeeze  gaskets,  such  as  the  O-ring  and  Quad  ring,  are  used  universally  to  seal 
spaces  between  two  rigid  nonelastic  surfaces.  These  gaskets  have  alao  been  used  with  some  succer^ 
for  sealing  the  relatively  rigid  coaxial  cables  to  rneL.l.  hut  are  not  at  all  practical  with  flexible 
electrical  cables.  The  seal  concept  is  based  initially  on  sealing  the  gasket  material  at  installation; 
hydrostatic  pressure  then  helps  to  increase  the  effectiveness  of  the  seal.  However,  the  relative 
flexibility  of  the  cable  prohibits  the  use  of  automatic  squeeze  gaskets.  The  initial  pressure  on  the 
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TEST  METHOD 

PROPERTIES 

MATERIAL 

D*638 

TENSILE 

STRENGTH 

lb/in2  ’ 

D-685 

COMPRESSIVE 

STRENGTH 

lb/in2 

D-790 

FLEXURAL 

STRENGTH 

lb/in2 

120  D  NOTCHED 
IMPACT 
STRENGTH 

ft/lb/in 

Diallyl  Phthalate 

7,000 

29, 000 

17,000 

4. 0/6.0 

(Glac  3 -Filled) 

9,500 

28,  500 

19, 000 

9. 0 

Polycarbonate 

Polycarbonate 

9,000 

11,000 

12, 000 

14 

40%  Glass  Filled 

18, 000* 

18, 500* 

26, 000 

5 

Nylon  6/ 6 

11,200 

15, 000 

14,  600 

1.75 

Nylon  6/6  Glass  Filled 

19, 290 

16, 000 

22, 000 

2.5 

Acetal 

10, 000 

5, 200 

14, 100 

1.4/2. 3 

Chlorotrifluoroethylene 

4,600/5,700 

2,000 

3,500 

3.5 

PVC,  High  -  Impact 

7,000 

- 

12, 000 

1.5 

Polypropylene 

5,000 

8, 500 

6,  C00/8, 000 

0. 6/2. 5 

Fluorocarbon  -  FEP 

5,000 

2,200 

7,800/10,700 

3. 1/7. 3 

Fluor  car  bon  -  TFE 

500/4,000 

1,700 

No  Break 

1.0 

ABS,  High  -  Impact 

Phenolic  -  Glass 

5,100 

7,000 

8,000 

2.4 

(Molding) 

Melamine  -  Glass  Reinf 

9,900 

26, 000 

24 

(Molding) 

5,800 

20,000/25,000 

16, 000/24, 000 

4/6.0 

Epoxy  -  Reinforced 

5,000/16,000 

25,000/26,000 

9,000/30,000 

0.3/30.0 

Acrylic 

•  10,000 

Using  Tubing 
Data 

12,000 

5,000 

0.3 

Melamine,  Glass  Fabric 

23,000 

22, 000 

- 

11 

Melamine,  Glass  Fabric 

30,000 

22,000 

30,000 

9 

Melamine,  Cotton  Fabric 

10,600 

20,000 

- 

0.75 

Epoxy,  Glass  Fabric 

40,000 

22,000 

(1/2-inch  dia.) 

10 

Epoxy,  Glass  Fabric(H.T.) 

38,000 

40,000 

55,000 

10 

l/8-inch  bar 

Polyphenylene  Oxide 

10, 500 

15,000 

2.6 

1/2-inch  bar 

Folysulfone 

10,200 

15,400 

15,400 

1.3 

1/2-inch  bar 

Polyurethane 

4,500/8,000 

20,000 

700/1,000 

No  Break 

Silicone 

850/925 

- 

- 

No  Break 

Z-Average  Minimum 

♦Maximum  Working  Stress;  Intermittent  Stress  at  Room  Temp;  Tension  =  4000,  Comp 

NOTES: 

Melamine  -  Exceptional  Dielectric  Strength  Under  Moisture  Conditions;  More  Stable 
Epoxy  —  Has  Lower  Water  Absorption,  Better  Insulation  Resistance,  Lower  Loss  ' 
Mechanical  3?roperties,  Slightly  Better  Machinability  &  Higher  Cost 
Thermosetting  Laminates  Are  Tough  and  Don’t  Creep  Within  Wider  Range 
The  Yield  Strength  Is  The  Ultimate  Strength  (There  Is  No  Plastic  Flow) 
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HEAT 

DISTORTION 

CONT-NUOUS 

HEAT 

RESISTANCE 

MOLD 

SHRINKAGE 

D-635 

FLAMMABILITY 

D-570 

@73°F 

MOISTURE 

ABSORPTION 

-u-ozi 

122°F/2000  PSI 
COMPRESSION 
SET  UNDER 
LOAD 

[  lb/in2 

ft/lb/in 

F. 

F. 

in/in 

in/min 

%  in  24  hr. 

% 

17,000 
:  19,000 

4. 0/6.0 

9.0 

400 

490 

400/450 

450/500 

.001-.  004 
.002 

Self  Extinguish 

100 

0.09 

0.11 

NIL 

NIL 

[  12,000 

14 

275 

250 

.005 

Self  Extinguish 

0.35 

0. 009 

•  26, 000 

5 

300 

.0009 

Self  Extinguish 

0.14 

f  14, 600 

1.75 

200 

250 

.007 -.015 

Self  Extinguish 

1.5 

1.4 

X  22, 000 

2.5 

498 

250 

Self  Extinguish 

0.7 

0.3 

X  14, 100 

1.4/2. 3 

255 

185 

1.1 

0.20 

0.5 

1  3, 500 

3.5 

■155' 

390 

.010-.  015 

NIL 

NIL 

|  12,000 
1,000/8,000 

1.5 

0. 6/2. 5 

160 

140 

250 

Self  Extinguish 

1.0 

Less  Than 

0. 01 

3.1 

;800/10,700 

3. 1/7. 3 

167 

390 

.03 

None 

0.01 

0.40 

?  No  Break 

1.0 

120 

500 

.002-.  006 

None 

0.05 

- 

:  8, 000 

2.4 

185 

- 

.001-.  010 

1.3 

0.28 

1.38 

\  26,000 

24 

- 

.001-.  0012 

0.35 

;000/24, 000 

4/6.0 

400 

300 

.002-.  003 

Self  Extinguish 

0.1 

- 

‘000/30,000 

0.3/30.0 

210-500 

300 

.001-.  015 

Will  Burn 

0.6 

- 

>  5, 000 

0.3 

202 

190 

.002-.  006 

1.2 

0.3 

1.4 

11 

l"x3"xl/8" 

0.7 

30,000 

9 

2.0 

i 

0.75 

0.9 

i 

10 

0.1 

1/2 -inch  dia. 
|  55, 000 

) 

10 

0.15 

5 

|  15,000 

1/8-inch  bar 
2.6 

375 

.007 

Self  Extinguish 

0.06 

5  15,400 

1/2-inch  bar 
1.3 

345 

300 

.0076 

Self  Extinguish 

0.22 

|  700/1, 000 

1/2 -inch  bar 
No  Break 

150/180 

.008-.  012 

Slow  Burning 

.  60-.  80 

I  " 

No  Break 

1%  per  10  C 

400/500 

.2-.  6% 

0. 12%  by 
weight 

Temp;  Tension  =  4000,  Comp.  =  6000  Steady  2000  psi  For  Min.  Creep,  Stress  Cracking  Over  Period  of  Time 

listure  Conditions;  More  Stable  Electrical  Properties  Under  Moisture  Cond. ,  Excel.  Arc  Resist, 
ation  Resistance,  Lower  Loss  Particularly  At  Power  Frequencies,  Slightly  Better 
chinability  &  Higher  Cost 

km't  Creep  Within  Wider  Ranges  of  Stress  &  Temperature  With  Laminated  Thermosets 
h  (There  Is  No  Plastic  Flow) 


Table  3-8.  Plastics  Properties 
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>-570 
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122°F/2000  PRI 

73°F 

COMPRESSION 

D-150 

SPECIFIC 

1STURE 

SET  UNDER 

DIELECTRIC 

COMPOUND 

ORPTION 

LOAD 

CONSTANT  @ 

TYPE 

n  24  hr. 

% 

60  eye. /sec. 

?0. 09 

NIL 

4.2 

Diall  52-20-30 

i'0.  ii 

NIL 

3.  8  (1  MC) 

Diall  FS-4 

|o.  35 

0. 009 

3.2 

\ 

fo.  14 

2.96  (1  MC) 

GR 

|l.  5 

1.4 

3. 6-4.0 

lo.i 

0.3 

4.0 

Fiberfil  G-l 

>•20 

0.5 

3.7 

Inil 

2.65 

£ 

3-4 

as  Tlian 
s0. 01 

3.1 

2.3 

f  0. 01 

0.40 

2.5 

^0. 05 

- 

2.1 

*0.28 

1.38 

4.2 

Fiberite 

■f 

0.35 

4031-2194 

?0.1 

>* 

- 

9.7-11.1 

Cymel  3135 

REPRESENTATIVE 
TRADE  NAME 


Diall,  Dapon,  Durez,  Rogers,  Alme 
Lexan,  Merlon 
Lexan,  Gr 

Nypel,  Chemstrand,  Zytel,  Catalin 

Fiberfil 

Delrln,  Celcon 

Kel-F,  Plaskon 

Exon,  Geon,  Xyran,  Bakelite,  Opalon 
Escon,  Profax,  Tenite,  Avisun 
Teflon  100X 
Teflon,  Halon 

Lustran,  Tybrene,  Cycolac,  Kralastic 
Fiberite 

Cymel 

Hysol,  Fiberite 

Acrylite,  Zerlon  Lucite,  Plexiglas 


AVG.  MIN. 
PRICE 

($  lb) _ 

1.175 


c3"xl/8" 

0.7 


K.  60-.  80 


7.2  (1  MC) 
7.  8  (1  MC) 
7. 1  (1  MC) 
5.0  (1  MC) 

5.3  (1  MC) 


2. 58  60  eye 
(1  MC) 


6.7-7. 5 
3. 6/3. 0 


Nema  Grade  G-9  Formica  FF-60 

Nema  Grade  G-5  Synthane  (GMG) 

Nema  Grade  MC  Formica  CH-41 

Nema  Grade  G-10  Formica  FF-91 

Nema  Grade  G-ll  Formica  FF-95 

PPO 

Bakelite 


Terin,  Estane,  Roylar 
UTV  silicone  630/  or  015/30 


Time 
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Figure  3-16.  Cable-To-PIug  Seals 
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gasket  is  soon  lost  by  creepage  or  cold  flow  of  the  cable  jacket  material.  When  the  initial  seal  is 
lost,  a  seal  between  the  two  materials  Is  not  possible  at  low  pressures  (approximately  0-30  psig). 
The  automatic  squeeze  gasket,  then,  has  limited  use  here. 

The  automatic  lip  seal  is  the  second  considered.  A  cylindrical  rubber  boot  is  compression  molded 
to  the  cable  jacket,  then  the  boot  is  interference  fitted  to  a  metal  shell  to  form  an  initial  pressure 
seal.  The  external  hydrostatic  pressures  only  increase  the  seal  effectiveness.  This  design  has 
been  used  by  several  manufacturers  for  underwater  connections  but  this  seal  is  not  considered  to 
be  the  best.  Because  the  rubber  is  tensioned  over  a  metal  sleeve,  it  can  relax  over  a  period  of 
time  and  lose  the  initial  seal.  In  view  of  this  possibility,  a  more  effective,  reliable  and  permanent 
seal  is  necessary. 

The  jam  and  floating  seals  are  made  by  slipping  a  rubber  grommet  over  a  cable;  placing  the  cable 
and  grommet  in  a  stuffing  tube,  and  pressurizing  the  grommet  in  a  gland  nut.  The  floating  gasket 
has  a  spring  (lockwasher)  to  assure  constant  pressure  on  the  grommet  (packing).  The  jam  seal  is 
not  seriously  considered  since  it  has  been  superseded  by  the  floating  packing  seal  for  flexible 
cable  applications.  The  jam  seal  requires  intermittent  grommet  pressurization  to  maintain  a  seal 
due  to  cold  flow  of  the  cable  jacket  and  grommet  material  relaxing  over  extended  periods. 

The  floating  packing  design  is  an  outgrowth  of  the  jam  seal.  A  spring  is  placed  in  the  stuffing  gland 
for  constant  pressure  on  the  packing  over  extended  periods  despite  cable  material  cold  flow.  The 
design  has  found  wide  acceptance  for  sealing  submarine  cables  since  World  War  II;  however,  the 
seal  is  not  entirely  reliable.  Submarines  have  experienced  seal  failures.  In  view  of  this  fact,  and 
more  stringent  high  hydrostatic  pressure  design  requirements,  this  seal  is  unsuitable  for  out¬ 
board  submarine  applications  *nd  was  not  further  pursued. 

* 

Past  experience  has  shown  that  this  seal  can  best  be  accomplished  with  the  use  of  an  elastomeric 
material  such  as  polyurethane  or  neoprene  properly  bonded  to  the  cable  and  plug  body.  The  selection 
of  the  best  elastomeric  material  to  suit  the  application,  giving  consideration  to  resistance  to  the 
sea  water  environment,  bondability  to  cable  jackets  and  materials,  and  molding  methods  which 
be3t  suit  the  application  is  most  important.  The  material  and  adhesive  finally  selected  must  include 
the  following  property  considerations: 

a.  Strength  and  toughness 

b.  Elasticity  and  resilience 

c.  Bonding  potential 

d.  Environmental  stability 

e.  Insulation  resistance 

f.  Application  methods 

g.  Water  permeability 

h.  Material  plastic  flow 

i.  Fatigue  life 

j.  Compression  set 

k.  Water  absorption 


3-46 


The  recommended  cable-to-plug  seal  design  is  discussed  in  further  detail  in  section  4  of  this 
Handbook.  Specific  material  selection  is  discussed  in  that  section. 

3.4. 14  CABLE  STRAIN  RELIEF  --  Cable  strain  relief  is  often  the  least  considered  design 
element  in  the  development  of  a  cable  seal  assembly.  This  feature  should  be  incorporated,  how¬ 
ever,  in  any  cable  seal  to  provide  a  gripping  area  to  prevent  the  cable  from  exerting  an  axial 
force  on  the  cable  seal  when  subjected  to  hydrostatic  pressures.  For  instance,  where  slip-on- 
grommet  cable  seal  packings  are  used  a  cable  strain  relief  clamp  should  be  provided  on  the  front 
face  of  the  gland  nut.  The  grommet  should  seal  the  cables  but  should  not  be  required  to  prevent 
cable  movement. 

The  strain  relief  should  also  prevent  an  axial  force  from  being  applied  to  the  individual  conductors 
in  handling  the  plug-cable  harness.  The  most  common  cable  strain  relief  methods  are  as  follows: 

a.  Clamping  (the  best  examples  of  which  are  the  cable  clamps  used  with  AN  type  plugs), 

b.  A  pressurized  grommet  that  is  also  a  moisture  seal, 

c.  Molded  rubber  boots,  and 

d.  Kellems  Company  cable  grip  (figure  3-17). 

For  the  connector  design  recommended,  the  cable  strain  relief  is  incorporated  in  the  external 
cable  seal  in  the  form  of  the  molded  rubber  boot  seal  and  the  clamp  at  the  rear  of  the  prepotting 
back  shell  (figure  3-18). 

3.4. 15  PLUG  ADAPTER  FOR  CABLE  PROTECTION  —  At  the  back  end  of  the  plug  boot  a  cylin¬ 
drical  molded  rubber  section  can  be  provided  for  installation  of  flexible  corrugated  tubing.  The 
tubing  can  serve  as  cable  protection  again3t  physical  damage,  provide  shielding  protection  against 
external  electrical  interference,  or  it  can  act  as  the  external  member  to  house  conductors  in  a 
free  flooding  installation.  Figure  3-19  shows  a  typical  installation. 

3. 4. 16  CONNECTOR  ACCESSORIES 

3.4. 16. 1  PRESSURE  PROOF  COVERS  —  Pressure  proof  plug  and  receptacle  covers  (or  caps) 
are  necessary  accessories  for  DSV  connectors.  The  covers  provide  a  watertight  envelope  at  the 
mating  faces  of  the  plugs  and  receptacles  when  they  are  not  normally  mated  to  their  counterpart 
connectors  either  in  service  or  during  test  programs.  The  pressure  proof  covers  should  be 
designed  to  withstand  one  and  one-half  times  the  operating  depth  pressures  of  the  connector.  The 
basic  design  of  these  components  is  straightforward  as  seen  in  figure  3-2-3.  For  the  designs 
recommended  in  this  Handbook,  the  plug  and  receptacle  cover  material  should  be  titanium. 

The  plug  cover  is  essentially  a  one  piece  body  which  houses  a  radial  O-ring  seal  with  accompanying 
backup  washers.  Spanner  wrench  pin  holes  are  drilled  into  the  body  to  facilitate  coupling.  The 
receptacle  cover  is  basically  a  two-piece  assembly.  The  body  is  similar  to  the  plug  shell  without 
the  socket  contacts.  The  standard  plug  coupling  ring  is  used  to  make  the  cover  to  the  receptacle. 
The  receptacle  shell  houses  the  O-ring  gasket  in  a  dovetail  groove. 
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Figure  3-18.  Components  Of  The  Cable-To-PJug  Strain  Relief  And  Seal 
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Figure  3-20.  Pressure  Proof  Connector  Covers 


3-51 


3.4. 16.2  PROTECTIVE  COVERS  --  Each  fabricated  plug  and  receptacle  should  be  fitted  with 
protective  covers  on  'he  front  and  rear  faces.  These  covers  protect  the  mating  and  sealing  sur¬ 
faces  as  well  as  the  c  ontacts  located  within  the  plug  and  receptacle  shell.  These  protective  caps 
also  keep  foreign  matter  from  entering  the  cavities  of  the  plug  and  receptacles.  The  protective 
covers  (caps)  can  be  fabricated  from  any  reasonably  high  impact  ptaatic  such  aa  polycarbonate, 
nylon,  ABS,  and  delrin  among  others;  or  from  a  metallic  material  such  as  aluminum.  Covers  of 
this  type  are  absolutely  essential  to  assure  the  quality  of  the  connectors  throughout  the  manu¬ 
facturing.  test,  shipping,  and  installation  cycle. 

3.5  SUMMARY 

This  section  has  reviewed  the  various  basic  types  of  available  connectors.  Design  parameters 
for  a  proper  connector  have  been  listed.  Recommendations  have  been  made  for  connector  designs 
to  suit  the  various  ocean  depths  classes.  Finally,  the  design  factors  which  must  be  considered 
in  any  connector  design  have  been  discussed  in  detail.  Quality  control  considerations  as  well  as 
connector  design  calculations,  Failure  Modes  and  Effects  Analysis,  and  test  requirements  are 
noted  in  section  6. 
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PRESSURE  PROOF  ELECTRICAL  HARNESS  DESIGN 

4.1  HARNESS  CONFIGURATION 

Pressure  proof  electrical  harnesses  are  another  very  important  design  item  on  DSVs.  Failure 
of  a  harness  assembly  naturally  means  the  loss  of  the  system  to  which  the  harness  is  attached. 
The  seriousness  of  the  loss  is,  however-  strictly  dependent  on  the  criticality'  of  the  system. 

(The  loss  of  a  propulsion  “motor  harness  would  abort- the  mission  while  the  loss  of  a  light  may 
not.)  When  considering  penetrators,  connectors  and  harnesses,  many  failures  on  the  DSVs  to 
date  have  been  attributed  tb  harnesses.  The  reasons  for  failure  range  from  improper  design, 
fabrication,  misuse  in  service,  and  cable  damage  at  installation, during  maintenance  operations 
and  during  vehicle  mission. 

As  discussed  here,  a  pressure  proof  harness  assembly  is  a  cable  with  connectors  wired  and 
sealed  to  each  end.  (see  figure  4-1)  The  harness  is  used  outboard  of  the  DSV  pressure  hull  and 
usually  runs  from  the  hull  electrical  penetrator  to  an  outboard  electrical  component,  or  from  an 
outboard  distribution  box  to  an  electronic  component.  As  seen  in  figure  4-2  many  types  of  har¬ 
ness  assemblies  can  be  considered  and  have  actually  been  used  on  submersibles.  However,  the 
predominance  of  harnesses  used  to  date  make  use  of  rubber  jacketed  cables.  Metal  sheathed 
mineral  insulated  cables  have  been  used  on  a  few  European  DSVs,  but  most  all  United  States 
DSV  designs  have  made  use  of  conventional  neoprene  jacketed  cables  of  the  SO  or  MIL-C-915. 

A  few  IL.S.  fabricators  have  used  oil  filled  cables. 

Concurrent  with  the  Deep  Ocean  Technology  (DOT)  electrical  connector  and  penetracor  develop¬ 
ment  program,  Navships  assigned  the  Naval  Ship  Research  and  Development  Laboratory  (NSRDL) 
to  the  task  of  developing  elecrricai  cables  to  be  used  in  assembling  pressure  proof  harnesses. 

This  work  is  well  documented  in  the  DOT  cable  Design  Handbook  published  by  NSRDL,  reference  1. 
The  designs  being  developed  and  tested  by  NSRDL  are  made  up  of  annealed  copper  conductors 
insulated  with  a  plastic  such  as  polypropylene  or  chemically  cross-linked  polyethylene.  The  con¬ 
ductors  are  twisted  together,  and  the  voids  in  the  cable  are  filled  with  an  elastomeric  type  filling 
compound.  When  shields  are  used,  they  are  made  up  of  served  tinned  copper  strands  providing 
85  percent  minimum  coverage.  The  cable  is  sheathed  with  a  neoprene  or  polyur  ethane  material. 

A  manual  for  the  fabrication  and  test  of  pressure  proof  electrical  harnesses  is  also  being  pre¬ 
pared  under  the  DOT  program.  The  manual  covers  harness  fabrication  procedures,  cable  and 
connector  inspection  procedures,  and  test  procedures. 

4.2  HARNESS  DESIGN  PARAMETERS 

The  primary  function  of  a  pressure  proof  harness  assembly  is  to  provide  an  electrical  intercon¬ 
nection  point  from  the  electrical  hull  penetrator  to  the  outboard  electrical/el ectromc  component. 
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As  seen  earlier,  many  basic  designs  have  been  used  $«  tin  past  forty  years  to  satisfy  the  DSV 
requirements.  The  harness  configurations  used  in  past  years  have  been-primarily  based  on  cable 
availability  due  to  the  short  cable  lengths  and  large  number  of  cable  types  required  for  each 
vehicle  design.  This  problem  is  being  solved  with  the  development  of  various  cable  types  and 
sizes  under  the  DOT  program.  These  cables  along  with  the  connectors  under  development  will 
provide  a  well-designed  harness  assembly.  These  harness  details  will  be  covered  in  a  forthcoming 
military  specification  for  DSV  pressure  proof diarnesses. 

The  following  design  parameters  must  be  considered  in  developing  a  watertight  harness  assembly: 

a.  Materials  of  construction  must  be  resistant  to  corrosion  in  a  sea  water  environment. 

b.  Adequate  wire  or  cable  strain  relief  must  be  provided  at  the  cable-to-connector  interface. 

c.  All  wire  terminations  within  the  plug  or  receptacle  cavity  should  bn  stealth  and  supported. 
This  combined  moisture  barrier  and  strain  relief  is  readily  accomplished  by  potting 
compounds. 

d.  The  harness  assembly  must  be  capable  of  withstanding  a  hydrostatic  test  pressure  equal 
one  and  one-half  times  the  operating  pressure. 

e.  The  harness  assembly  must  be  as  light  weight  as  practicable. 

f.  The  harness  size  should  be  as  small  as  practicable  (diameter  of  the  cable,  overall  size  of 
the  connectors). 

g.  The  harness  assembly  should  have  a  minimum  ten  year  service  life. 

h.  The  harness  assembly,  when  mated  to  the  counterpart  connectors,  should  be  capable  of 
withstanding  2000  hydrostatic  pressure  cycles  at  the  specified  operating  depta. 

i.  The  connector  cable  boot  should.have  strain  relief  to  withstand  repeated  flexing  and  main¬ 
tain  a  watertight  bond.between  the  cable/boot  transition  and  the  watertight  bond  between 
the  boot /connector  shell  transition. 

j.  Harnesses  should  be  capable  of  withstanding  a  high  impact  shock  and  a  vibration  test 
without  physical  damage,  loosening  of  component  parts,  or  significant  discontinuities  in 
the  electrical  circuits. 

k.  The.harness  should  be  designed  to  withstand  normal  abuse  encountered  in  handling,  instal¬ 
lation,  and  maintenance. 

l.  The  connector  boot  should  be  designed  to  allow  a  minimum  cable  bending  radius  at  the 
cable/connector  exit  area. 

m.  The  connector  potting  compounds  and  boot  materials  should  be  readily  available  and  not 
require  extensive  handling  and  use  precautions. 

n.  The  connector  boot  mold  should  be  a  single  design  and  not  pose  assembly  and  use  problems. 

o.  Standard  military  tools  should  be  specified  for  crimping  conductors  to  contacts. 

p.  Wire  stripping  tools  should  be  specified  that  will  not  damage  the  wires  being  Gripped. 

q.  Every  effort  should  be  made  to  make  use  of  solvents  and  materials  which  do  not  require 
special  safety  precautions  or  cause  skin  irritation  to  the  technicians  using  these  materials. 

IV  Wires  should  be  crimped  to  contacts  wherever  possible. 
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s.  Wiring,  spoilt' g.  :»ol  Ui.g.  inspection,  and  test  procedures  siiuultl  be  as  simple  and  direct 

practicable. 

t.  Adliettvcs  and  primer::  used  lo  so-.  *>e  connector  bool  to  the  cable  jacket  and  connector 
shell  must  provide  a  tenacious  bund  in  a  sea  water  onvit  omnenl  for  the  required  ten  year 
service  life  of  the  harness. 

u.  the  connector  wiring  and  molding  desigi.  should  be  such  that  tire  conductors  will  nol-be 
kinked  in  the  wiring  operation  or  under  hydrostatic  cycling  conditions. 

V. -Connector  |K)tting  compounds  sliould  bespeclfied  tliat  have  minimum  curing  shrinkage 
properties. 

4.2.  i  CABLE  DESIGN  CONSIDERATIONS  --  When  considering  cable  design,  the  DOT  "Handbook 
of  Electric  Cable  Technology  for  Deep  Ocean  Applications",  Reference  1,  should  be  consulted. 

4.2.2  CONNECTOR  DESIGN  CONSIDERATIONS  —  Pressureproof  electrical  connector  design 
considerations  are  covered  in  section  3  of  this  Handbook.  Adherence  to  the  design  details  outlined 
in  this  section  should  lead  to  a  sound  connector,  design  and  allow  the  fabrication  of  quality  harness 
assembly. 

4.2.3  CONNECTOR -TO-C  ABLE  WIRING  AND  MOLDING  CONSIDERATIONS  —  The  following  are 
design  considerations  for  fabricating  a  pressureproof  harness: 

a.  Preparing  the  ends  ot  the  cable. 

b.  Connecting  the  conductors  and  shield  to  the  contacts. 

c.  Cleaning  and  priming  the  cable  jacket. 

d.  Cleaning  and  priming  the  connector  shell. 

e.  Potting  the  connector  internals. 

f.  Molding  the  connector/cable  boot. 

g.  Testing  the  completed  harness. 

h.  Packaging  the  harness  prior  to  installation. 

i.  Material  selection  considerations. 

j.  Mold  design. 

k.  Molded  boot  configuration. 

* 

This  phase  of  the  pressureproof  harness  design  is  considered  to  be  the  most  deftiandlng  as  it 
requires  the  marrying  of  a  '’onnector  to  a  cable,  This  interface  area  is  critical  as  tne  interconnec¬ 
tion  is  subjected  to  Hydrostatic  pressures  in  service,  and  the  assembly  of  the  two  components  is 
no  better  than  the  technicians  :are  when  making  up  the  joint.  Two  basic  functions  are  accomplished 
when  terminating  a  harness.  The  c,  ole  conductors  are  electrically  connected  to  the  connector 
contacts,  and  the  cable  is  sealed  to  the  connector  lo  assure  a  watertight  joint. 

# 

The  following  are  recomnn  nded  techniques  and  fabrication  procedures  for  wiring  and  molding  a 
connector  to  a  cable: 
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4. 2. 3.1  WIRING  AND  MOLDING  MANUAL  --  A  wiring  and  molding  manual  should  be  available 
to  the  technician  prior  to  (ho  start  of  any  connector  assembly  process.  References  2  and  3  are 

examples  of  such  documents.  Also,  a  manual  i.->  being  prepared  by  the  USN  whi'l  pertains  to  the 
procedures  necessary  to  wire  and  mold  the  DOT  developed  connectors  to  the  DOT  developed 
cables.  The  technician  who  wires  and  molds  ihe  harness  must  be  most  familiar  with  the  manual 
he  is  using  and  must  be  qualified  to  the  piocesses  contained  in  the  manual.  It  is  well  lor  the 
manual  to  contain  technician  qualification  procedures  to  a;  sure  that  he  technician  is  indeed  fa¬ 
miliar  with  the  process  and  qualified  to  execute  the  techniques  required  to  make  up  a  harness. 

4.2. 3.2  PREPARING  THE  CABLE  ENDS  —  Ine  wiring  and  molding  manual  used  by  the  technician 
must  include  sketches  of  proper  cutting  lengths  for  each  type  cable  to  be  terminated.  The  cable 
jacket  and  binder  tapes  should  be  removed  with  a  sharp  knife  or  razor  bladed  tool.  Care  must  be 
taken  not  to  cut  the  conductor  or  shield  insulations.  Elastomeric  cable  fillers  should  be  removed 
at  this  time.  The  basic  insulation  over  the  connectors  should  be  removed  with  a  thermal  stripping 
tool  to  prevent  nicking  the  conductor  strands.  The  individual  strands  of  the  conductors  must  be 
cleaned  to  remove  the  strand  sealant.  Care  must  be  taken  to  have  the  conductor  and  shield  lengths 
prepared  as  specified  on  the  sketch  in  the  manual  so  not  to  impose  undue  stresses  on  any  one 
conductor  when  terminating  them  to  the  contacts. 

4.2. 3.3  CONNECTING  THE  CONDUCTORS  AND  SHIELDS  TO  THE  CONTACTS  ~  As  noted  in 
action  3,  mechanical  crimping  methods  are  recommended  where  possible  to  mechanically  and 

electrically  connect  the  contacts  to  the  conductors  and  shields.  The  military  and  industry  have 
found  this  method  to  be  most  reliable  in  service  and  more  easily  quality  controlled. than  ether 
methods  used  previously.  Such  methods  as  wire  wrapping  are  equally  reliable  but  are  not  suited 
to  these' designs,  as  they  occupy  more  space  than  is  available.  Conductor  crimping  tools  fabricated 
in  accordance  with  MIL-T-22520  should  be  used  to  crimp  signal  and  control  cable  wires  up  ta  and 
including  12  AWG.  These  tools  are  detailed  on  Military  Specification  sheets  MS3192,  MS3194. 
and  MS3198.  The  crimping  tool  locators  are  detailed  on  MS3191  and  the  quality  control  gages  for 
the  tools  are  detailed  on  MS3196.  A  hydraulically  operated  crimping- tool  as  specified  in 
MIL-T-22909  is  used  to  connect  wires  larger  than  &t~v  12  AWG.  Reference  4  is  an  excellent  source 
for  general  crimping  information. 

From  the  techniques  described  in  reference  5,  it  \  seen, tl.it  inner  and  outer  crimp  rings  in 
conjunction  with  a  pigtail  lead  can  be  used  to  terminate  shields.  Also,  a  one  piece  insulated 
Burndy  Corp.  UNIRING  has  been  widely  used.  The  Raychem  Corp.  Solder  Slecyc  is  ancth.e~  ter¬ 
mination  method  which  has  found  wide  use  recently.  One  advantage  of  the  solder  sleeve  is  that 
the  design  conserves  space  in  back  of  the  connector.  Space  availability  in  this  area  is  at  a  minimum. 
All  three  methods  are  acceptable.  Their  use  is  primarily  dependent  on  which  one  the  terminating 
activity  is  most  comfortable  using. 


In  cases  where  crimped  contacts  cannot  be  used,  then  the  wire. can  be  connected  to  the  contacts 
with  solder.  A  resin  core  solder  (60  percent  tin,  39.75  percent  lead,  0.25  percent  antimony)  in 
accordance  with  Federal  Specification  QQ-S-571  should  be  usedc  An  electric  soldering  iron  with 
a  rating  of  60  to  100  watts  should  be  used  for  the  smaller  contacts.  The  iron  should  be  maintained 
at  600  F.  The  larger  size  power  cables  should  make  use  of  a  250  to  300-watt  soldering  iron. 
MIL-STD-440,  NAVSHIPS  250-706-  2,  MIL-STD-454  Requirement  5,  MIL-S-6872  and  M1L-S-45743 
all  relate  to  proper  soldering  procedures  and  quality  control  of  same. 

4.2. 3.4  .SEALING  THE  CABLE  TO  THE  CONNECTOR  —  The  cable  seal  of  a  deep  submergence 
electrical  connector  must  function  in  the  following  areas: 

a.  It  must  support  the  conductors  and  transmit  hydrostatic  end  forces  to  the  plug  body  in  a 
manner  miniroicteg  strand  buckling  and  subsequent  flex  fatigue  under  pressure  cycling. 

b.  It  must  provide  a  positive  seal  against  water,  moisture,  dirt  or  other  contamination,  and. 

c.  Provide  cable  support  to  reduce  conductor  strain  under  tension  flexing  and  vibration. 

The  effectiveness  of  a  cable  seal  design  in  supporting  end  loads  has  become  increasingly  impor¬ 
tant  as  higher  pressures  and  endurance  to  pressure  cycling  are  required.  Under  pressure,  the 
material  within  the  plug-sleeve  acts  as  a  composite  column  (see  figure  4-3).  Ideally,  this  column 
should  transmit  end  forces  to  the  plug  body  with  compression/deflection  characteristics  that 
preclude  elastic  instability  and  plastic  flow  imthe  conductors.  In  practice,  this  has  not  been  fully 
realized  and  over.a  particular  pressure  level,  eventual  fatigue  failure,  usually  in  flexing,  will 
occur  after  so  many  pressure  cycles.  Connectors  with  higher  endurance  were  obtained  when  the 
elements  of  the  composite  column  were  more  closely  matched  in  compression/ deflection  char-  - 
acteristics.  The  physical  properties  of  the  better  filling  materials  were  quite  different  from 
typical. cable  seal  materials;  establishing  the  adoption  of  a  prepotting  step. 

At  this  time,  it  is  felt  the  prepotting  material  should  have  the  following  general  physical  charac¬ 
teristics: 

a.  High  compressive  modulus,  bulk  modulus  indirectly 

b.  Low '.viscosity,  for  maxirum  penetration  and  low  voi ;  content 

c.  Low  shrinkage,  for  low  voids. and  residusil  stress  levels 

d.  Adequate  thermal  cycling  and  mechanical  shock  resistance 

Compounds  based  on  epoxies  and  some  of  the  more  reactive,  one  shot  urethane  systems  more 
closely  approach  the  above  requirements.  The  systems  selected  should  probably  be  moderately 
filled  (to  incr  ease  strength,  modulus,  and  reduce  shrinkagel  within  the  limits  of  not  excessively, 
increasing  viscosity.  Filling  should  also  improve  thermal  cycling  and  mechanical  shock  resistance. 

The  following  materials  are  felt  to  offer  properties  consistent  with  prepotting  material  require¬ 
ments..  These  compounds  are  presently  being  evaluated  by  the  USN  under  the  Do  "  program. 
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Component 

Parts  by  Weight 

Manufacturer 

Sonite  41  Hardener 

20  grams 

Smooth-on  Mfg.  Co. 

572  Communipaw  Avenue 

Jersey  City,  N.  J.  07304 

ERL  277?.  Epoxy  Resin 

100  grams 

Union  Carbide  Corp. 

Plastics  Division 

270  Park  Avenue 

New  York,  N.  Y.  10017 

222-0803  Hardener 

2  grams 

Union  Carbide  Corp. 

Milled  Glass  Fibers 

90  grams 

Owens-Corning  Fiberglass  Corp. 
717  Fifth  Avenue 

New  York,  N.  Y.  10017 

The  following  commercially  available  compounds  are  also  being  further  evaluated  for  this 

application: 

Stycast  2651 

100  grams 

Emerson  &  Cuming,  Ir.c. 

Canton,  Mass. 

Catalyst  11 

8  grams 

Marblette  Resin  121 

100  grams 

Marblette  Corp. 

Long  Island  City,  N.  Y. 

Hardener  91 

10  grams 

The  molded  cable-  seal  provides  lateral  cable  support,  restraint  in  tension,  and  the 

primary  seal  against  water  and  moisture  penetration.  Basically,  the  seal  is  automatic  in  nature 
and  dependent  on  three  factors: 

a.  The  bond  betweenthe  conformal  seal  and  the  connector  shell, 

b.  The  bond  between  the  seal,  and 

e.  The  cable  jacketing  and  the  elasticity  and  resilience  of  seal  itself  (figure  4-3). 

Three  processes  are  used  for  fabricating  cable  seals.  For  neoprene  jacketed  cables,  compression 
molding,  with  or  without  a  transfer  operation,  and  urethane  casting  (molding)  are  common.  With 
polyethylene  jacketed  cable,  injection  molding  with  polyethylene  is  standard  practice. 

Compression  and  transfer,  molding  with  neoprene  compounds  have  long  been  utilized  for  molding 
■connector. seals  in  underwater  applications.  The  cured  properties  of  neoprene  compounds,  espe¬ 
cially  when  compounded  for  low-water  absorption,  have  resulted  in  connector  seals  w<th  excellent 
long-term  performance.  Adhesive  systems  for  bonding  neoprene  compounds  to  metals  and  cured 
neoprene  Citble  jacketing,  provide  high  perfoi  mii?g  rubber  tearing  bonds  under  a  broad  range  of 
process  conditions. 
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A  neoprene  compound  which  has  been  successfully  used  by  the  USN  in  this  application  is  as 
follows: 


Components 

Neoprene  WRT 
Neoprene  KNR 
Neozone  D 
Stearic  Acid 
FEF  Black 
MT  Black 
Light  Process  Oil 
Red  Lead 
Thionex 
Sulfur 


Parts  by  Weight 

80.0 

20.0 

2.0 

0.5 

15.0 

30.0 

4.0 

20.0 

2.0 

1.0 


NOTE:  The  compound  is  sufficiently  safe  to  allow  incorporation  of  all  ingredients  and 
still  provide  pood  storage  life  and  handling  characteristics.  For  maximum 
storage  life,  the  material  should  be  kept  in  a  cold  room  40  F  or  below. 

The  Dayton  Chemical  Products  Laboratories,  West  Alexandria,  Ohio,  metal  primer,  Thixon  P4, 
in  conjunction  with  the  Thixon  adhesive,  Thixon  NM-2  has  provided  satisfactory  bonds  of  neoprene 
to  stainless  steel  connector  shells. 

Presently  potting  and  molding  with  urethane  compounds  are  finding  increasing  use  in  fabricating 
deep  submergence  cable  seals.  This  may  be  attributed  to  a  number  of  factors: 

a.  Low  compound  viscosity  permits  casting  or  molding  at  low  pressure  with  less  potential  of 
voids, 

b.  Low  or  intermediate  temperature  curing  are  within  the  temperature  limitations  of  all 
insulating  materials,  ami 

c.  Tooling  and  process  control  with  urethanes,  are  not  as  critical  as  in  the  compression  or 
transfer  molding  of  neoprene. 

Polyethylene  injection  molded  cable  seals  to  polyethylene  jacketed  cables  are  utilized  in  underwater 
applications  because  of  a  unique  combination  of  excellent  dielectric  characteristics,  particularly 
at  high  frequencies,  high  electrical  resistivity,  low  moisture  permeation  and  low  water  absorption. 
The  latter  two  characteristics  contribute  to  the  above  electrical  properties  in  a  continued  water 
environment.  Also,  the  initial  material  cost  and  thermoplastic  processing  capabilities  of  poly¬ 
ethylene  resins  offer  important  economic  considerations  when  larger  quantities  are  involved.- 
While  polyethylene  offers  specific  advantages  in  the  cable  insulation  and  jacketing  area,  associated 
terminations  and  connectors  present  formidable  fabrication  problems.  This  is  because  the  only 
reliable  long-term  seal  or  bond  to  a  polyethylene  cable  jacket  is  produced  by  molding  with  a 
similar  type  polyethylene;  obtaining  a  fusion  bond  to  itself.  When  a  bond  is  required  between  7 
polyethylene  seal  and  a  metal  shell  connector  or  penetration,  a  process  requiring  closely  con¬ 
trolled  metal  surface  preparation  and  the  molding  variables  of  pressure,  temperature,  and  time, 
is  involved. 


Polyethylene  resins  are  produced  with  a  range  of  basic  molecular  properties  such  as  average 
molecular  weight,  molecular  weight  distribution,  and  density.  These  properties  in  turn  determine 
most  mechanical  properties,  thermal  processing  characteristics  and  environmental  stress¬ 
cracking  resistance.  The  latter  environmental  factor  is  singled  out  because  of  its  importance  in 
most  polyethylene  applications.  A  property  related  to  molecular  weight,  termed  melt  index,  is 
a  good  index  of  a  polyethylene  resin's  resistance  to  stress-cracking.  Resins  with  low  mel*  indexes 
have  higher  melt  viscosities  when  molten  and  show  better  stress -crack  resistance. 


To  obtain  the  highest  mechanical  and  environmental  resistance  properties,  polyethylene  resins 
used  in  uht>  wwater  cables  and  molded  seals  should  be  of  the  highest  density  type  with  low  melt 
index.  The  high  density,  low  melt  index  resins,  however,  are  the  most  difficult  to  process.  Even 
with  proper  resin  selection,  fabrication  equipment  design  and  process  operation  play  a  major 
role  in  the  end  result.  Polymer  degradation  reflected  in  reduced  mechanical  properties  and 
eventual  stress  cracking  can  occur  if  incomplete  melting  occurs,  or  if  the  material  is  heated  to 
too  high  a  temperature  or  for  too  long.  Mechanical  working  of  an  uncompleted  melted  polymer 
can  also  markly  raise;  the  melt  index  and  eventually  lead  to  stress  cracking. 

Other  considerations  in  polyethylene  molded  connector  and  penetrator  seals  include  some  limita¬ 
tion  on  the  size  ar.d  complexity  of  the  seal  by  the  nature  of  the  material  and  process  involved. 

High  density,  low  melt  index  resins. have  high  melt  viscosities  and  require  fairly  high  molding 
temperatures  and  pressures.  On  cooling,  residual  stresses  formed  in  the  part  on  cooling  can 
combine  with  externally  induced  stresses  to  induce  stress  cracking.  The  connector/penetrator 
design  must  take  into  account  the  wide  difference  in  the  thermal  coefficients  between  polyethylene 
and  metal.  This  situation  combined  with  the  polyethylene  j  high  elast'c  modulus  can  cause  appre¬ 
ciable  stress  to  develop. 

Many  potential  problems  can  be  envisioned  if  the  production  of  polyethylene  cabling  systems  were 
attempted  on  a  shipyard  level.  Molding  polyethylene  seals  to  connector  and  cable  penetrations, 
even  if  the  type  were  small  and  simple,  is  beyond  shipyard  capability.  Clean  rooms  and  extensive 
control  of  materials  and  processes  are  used  by  the  few  facilities  that  do  this  type  of  molding.  If 
shipyard  molding  were  confined  to  less  critical  inline  splice  operations,  special  equipment  and 
process  controls  would  still  have  to  be  instituted. 


The  functional  performance  and  reliability  with  neoprene  or  urethane  type  of  cable  seals  are 
related  to  a  number  of  physical  properties  of  the  cured  compounds.  These  include: 


a.  Tensile  strength 

b.  Ultimate  elongation  j 

c.  Tear  strength  j 

d.  Modulus  of  elasticity 

e.  Moisture  permeability 

f.  Water  absorption 

g.  Electrical  properties 


Toughness  index 
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h.  Adhesion  to  metals  using  adhesion  primers 

i.  Adhesion  to  cable  jacketing,  usually  neoprene,  using  adhesion  primers 

j.  Environmental  stability 

V.  Changes  in  physical  properties 
2.  Changes  in  adhesion 

The  physical  properties  are  fairly  self-evident.  With  experience  of  various  design/development 
programs  in  underwater  connectors  and  related  hardware,  including  observations  after  long-term 
service,  we  have  weighed  some  properties  as  more  important  than  others. 

At  depths  to  2,000  feet,  the  physical  property  profile  of  medium  hardness,  low  water  absorption 
neoprene  compounds,  and  70-80  Shore  A  durometer  polyether-based  urethane  compounds,  have 
been  satisfactory  without  prepotting.  At  deeper  depths  and  extended  pressure  cycling,  the  need 
for  prepotting  with  a  higher  modulus,  lower  void  material  has  been  established. 

Finally,,  the  area  of  adhesion  performance  and  environmental  resistance  cannot  be  overemphasized. 
Cable. seal  failure,  after  a  design  has  been  adequately  tested  and  proven,  can  be  traced  invariably 
to  poor  bonding.  The  latter  may  be  due  to  improper  screening  and  selection,  or  to  poor  shop 
practices.  When  molding  urethane  to  connectors,  the  primers  and  urethane  specified  in  the  QPL 
listing  of  MIL-M-24041  should  be  used.  Shop  practice  that  may  contribute  to  poor  bonding  perfor¬ 
mance  include:  poor  surface  preparation,  contamination,  inadequate  proportioning  of  two-part 
primers,  and  use  of  depleted  or  over-aged  materials. 

Metal  surface  preparation  should  include  vapor  phase  degreasing  before  and  after  grit  blasting 
with  a  clean,  relatively  coarse,  non-ferrous  grit.  The  residual  grit  should  be  blown  off  with 
clean,  filtered,  oil-free,  compressed  air.  At  no  time  should  the  surfaces  to  be  bonded  be  touched 
or  handled.  Metal  surface  preparation  should  be  performed  just-prior  to  bonding,  if  possible. 

Cable  jacket  surfaces  should  be  lightly  solvent-wiped  with  a  volatile  active  solvent,  then  roughened 
with  a  clean,  coarse  open-grit  emery  cloth  or  piece  of  sanding  disk,.  The  surface  should  be  lightly 
dusted  off  with  a  clean  dry  brush  or  wiper,  but  at  this  point,  no  solvents  should  be  used. 

Some  facilities  feel  they  must  use  a  solvent-wiping  technique  oh  metals,  fn  this  operation  the 
pieces  are  progressively  swabbed  with  solvent-moistened  cloths  and  the  s:\vent  wiped  off  before 
it  has  time  to  dry.  This  operat'on  requires  oil-free  solvent  and  clean,  soap-free  cloths. 

Vapor  phase  degreasing  is  far  superior  to  solvent-wiping.  In  vapor  phase  degreasing,  the  con¬ 
tamination  is  removed  by  a  refluxing  action  in  which. the. pure  solvent  vapor  condenses  on  the  cold 
workpiece,  dissolves  the  contamination  capable  of  solution,  and  drips  off  the  connector  sleeve. 
This-action  ceases  when  the  metal  reaches  the  vapor  temperature  and  it  serves  no  purpose  to 
leave  ihe  connector  shell  in  the  degreaser  for  longer  times. 

Contamination  of  the  metal  surface  can  occur  in  handling  or  just  standing  in  air.  The  primer  can 
be  contaminated  during  mixing  or  by  improper  resealing  of  the  original  containers.  Containers, 
mixing  spatulas  and  application  brushes  should  be  solvent-wiped  with  &  disposable  wiper  and  clear. 
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solvent  before  use.  When  handling  solvents,  always  pour  the  solvent  out  of  the  container,  not 
holding  Che  cloth  or  wiper  to  the  spout.  The  latter  procedure  could  possibly  transfer  contaminants 
to  the  solvent  supply.  Release  agents  are  also  a  source  of  potential  contamination.  Without  ade¬ 
quate  direction,  the  typical  technician  applies  too  heavy  a  coat  of  a  release  agent,  be  it  the  silicone 
type  or  a  fluorocarbon.  With  urethane  compounds,  one  part  Dow  Corning  DC-20  diluted  with  three 
parts  of  hexane  provides  a  release  system  with  minimum  buildup  when  wiped  on  and  quickly  wiped 
off  with  disposable  wipes. 

Inaccurate  weighing  of  two-part  primers  may  sometimes  provide  less  than  optimum  results. 

Many  two-part  primers  have  fairly  broad  latitude  in  mixing  and  when  less  than  typical  bonding 
occurs,  the  possibility  of  a  depleted  reactive  component  should  also  be  investigated. 

Isocyanate  curing  agents  react  reaculy  with  atmospheric  moisture  and  lose  some  of  their  strength. 
Bottles  and  containers  containing  reactive  components  should  be  opened  for  short  as  possible 
periods,  their  seal  closure  wiped,  :ind  then  resealed. 

It  is  recommended  that  connectors  be  prepotted  with  a  high  compressive  modulus  epoxy  compound, 

# 

followed  by  molding  the  wired  and  jxrtted  assembly  with  primers  and  urethane  specified  in 
MIL-M-24041. 

4.2.4  SUMMARY  --  This  section  has  reviewed  the  various  types  of  harness  designs  available. 
Design  parameters  for  proper  harness  configurations  have  been  listed.  Recommendations  have 
been  made  for  the  fabrication  of  harnesses  to  suit  the  various  ocean  operating  depths.  Quality 
control  considerations  and  harness  test  requirements  are  covered  in  section  6. 
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Section  5 

MATERIAL  SELECTION  GUIDELINES 
FOR  OPTIMUM  PERFORMANCE  IN  SEA  WATER 

5. 1  MATERIAL  SE  LECTION 

This  section  deals  with  factors  governing  the  choice  of  engineering  materials  for  use  in  sea 
water  and  is  divided  into  two  parts.  The  first  part  devotes  itself  to  metal  alloys,  and  the  second 
part  considers  non- metallics  (i.e.  ,  elastomers  and  plastics).  A  bibliography  on  sea  water  corro¬ 
sion  is  provided  in  the  Handbook  to  give  the  reader  a  more  extensive  exposure  to  factors  which 
should  be  considered  when  designing  for  the  sea  water  environment. 

5.2  METAL  ALLOYS 

The  engineering  use  of  metal  alloys  in  sea  water  is,  for  the  most  part,  influenced  by  a  material  s 
resistance  to  corrosion.  If  a  material  exhibits  a  low  corrosion  resistance,  a  sufficient  degree  of 
degradation  of  the  material  can  occur  resulting  in  possible  failure  of  the  component.  Therefore, 
it  is  imperative  that  the  designer  be  aware  of  the  corrosion  aspects  of  a  material  before  incor¬ 
porating  it  into  a  submersible  system. 

Corrosion  is  affected  by  such  a  wide  number  of  variables  that  it  is  difficult  to  simply  rate  mate¬ 
rials  as  acceptable  or  unacceptable.  This  is  primarily  due  to  the  fact  that  the  phenomenon  can 
occur  naturally  (the  extent  of  which  is  affected  by  several  environmental  factors  as  well  as  vari¬ 
ables  governed  by  the  material  itself),  and  additionally,  it  can  be  induced  by  inappropriate  design 
application  or  improper  material  processing.  Corrosion  of  alloys  can  occur  in  several  ways,  the 
most  common  forms  being: 

a.  General  or  uniform  corrosion  and  pitt'ug 

b.  Crevice  corrosion  (not  limited  to  man-made  crevices) 

c.  Galvanic  cell  corrosion 

d.  Selective  phase  corrosion  (including  intergranular  corrosion) 

e.  Stress  corrosion  cracking 

f.  Corrosion  fatigue 

g.  Erosion  due  to  cavitation. 

Corrosion  resistance  is  as  much  a  function  of  environmental  variables  as  well  as  the  nature  of 
the  metallic  alloy  and  the  different  corrosion  mechanics  described  above  can  be  influenced  greatly 
by  the  following  environmental  factors: 

a.  Time  (ranging  from  less  than  one  hour  for  some  cases  of  stress  corrosion  cracking  to 
years  for  general  wasting.) 

b.  Temperature 


5-1 


c.  Oxygen  content  of  water 

(i.  SaUnity/chlorinity  of  water 

e.  Service  depth 

f.  Proximity  of  ocean  floor  and  its  make-up. 

g.  Water  velocity  at  the  object  surface. 

h.  Water  turbulence 

i.  Metal  alloy  condition  (welded,  cold  drawn,  etc.) 

j.  Stress  level  in  the  material  (residual  or  imposed  loads). 

k.  Load  cycle  rate  and  magnitude. 

l.  Existence  of  protective  films  (anodizing,  paint  or  other  applied  coating). 

m.  Presence  of  similar  alloys  or  nonmetallic  materials 

n.  Object  geometry. 

o.  Presence  of  dissimilar  metals  with  regard  to  type  of  metal  alloy,  proximity  and 
extent  of  exposed  surfaces. 

p.  Presence  of  marine  fouling  organisms  and  their  affinity  for  the  material. 

q.  Presence  of  leakage  electrical  current. 

Not  only  do  the  above  factors  influence  the  degree  of  corrosion  of  a  metal  alloy,  but  the  envi¬ 
ronmental  factors  may  influence  one  another  as  well.  Mission  variables  of  a  submersible  such 
as  operating  depth,  location,  and  length  of  submerged  time  will  influence  or  determine  environ¬ 
mental  variables  such  as  water  temperature,  oxygen  content,  salinity,  marine  organisms,  water 
velocity,  etc.  By  simply  changing  the  location  of  a  mission,  a  whole  new  set  of  variables  which 
influence  corrosion  can  be  generated.  This  example  illustrates  why  the  topic  of  corrosion  resis¬ 
tance  cannot  be  easily  categorized  as  good  or  bad  for  a  particular  alloy  and  emphasizes  the  need 
to  analyze  the  problem  on  a  case  basis. 

The  best  approach  to  understanding  the  problem  and  instituting  general  guidelines  is  to  define 
the  mechanics  involved  for  each  type  of  corrosion  and  establish  the  relation  between  alloy  and 
environmental  factors  in  producing  such  corrosion.  By  doing  this,  a  tabular  resume  of  metallic 
alloys  can  be  formed  with  some  general  comments  concerning  their  advantages  and  disadvantages 
for  use  in  sea  water.  Figure  5-1  serves  as  an  aid  in  selecting  «•-  liable  material  candidates  for 
use  in  sea  water;  the  ultimate  choice  as  to  what  constitutes  u._  optimum  material  will  be  dictated 
by  other  factors  such  as  strength,  cost,  availability,  ease  of  fabrication  forming,  or  welding,  etc. 

5,2. 1  GENERAL  OR  UlpFORM  AND  PITTING  CORROSION  —  Corrosion  is  the  result  of  an 
electrochemical  reaction  between  a  metal  alloy  with  its  corrosive  environment.  Uniform  corro¬ 
sion  occurs  when  the  surface  microstructure  is  relatively  homogeneous  and  access  of  the  corro¬ 
sive  fluid  to  the  metal  surface  is  unrestricted. 
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Figure  5-1.  Corrosion  -  Potentials  In  Flowing  Sea  Water 
(8  to  13  Ft. /Sec.)  Temp  Range  50  -  80  F 
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Pitting  corrosion,  on  the  other  hand,  involves  chemical  activity  in  localized  regions  such  as  sur¬ 
face  grain  boundaries  or  shielded  areas  where  a  localized  galvanic  couple  can  be  established. 
Pitting  can  be  of  special  concern  In  sheet,  or  thin  plates  as  complete  penetration  can  result. 

5,2.2  CREVICE  CORROSION  —  Crevices  or  crevlce-llke  formations  can  cause  localized  galvanic 
couples  in  the  vicinity  of  the  crevice.  Stagnation  of  the  sea  water  ^present  in  this  formation  can 
generate  concentration  cells.  These  cells  are  caused  by  any  of  three  basic  occurrences  and  are 
known  as  oxygen,  metal  ion,  and  active-passive  cells.  The  first  type  of  cell  originates  when 
sea  water  becomes  stagnated  In  a  crevice  formation  and  a  differential  oxygen  concentration  in 
the  sea  water  results.  This  leads  to  a  localized  galvanic  cell  between  the  two  zones  with  the 
metal  surface  adjacent  to  the  oxygen  depleted  water  becoming  the  anode.  As  an  electric  current 
is  established  from  metal  to  sea  water  in  the  oxygen-poor  region,  accelerated  pitting  corrosion 
can  result. 

A  similar  mechanism  exists  in  metal-ion  concentration  cells  where  a  metal,  which  displays  a 
tendency  to  go  into  sea  water  solution,  generates  an  ion  rich  solution  in  or  near  a  crevice.  The 
proximity  of  sea  water  containing  a  lesser  amount  of  dissolved  metal  generates  an  electrical 
couple  between  these  two  regions.  The  metal  adjacent  to  the  water  with  a  lower  ion  concentration 
becomes  the  galvanic  anode  and  is  attacked. 

The  active-passive  cell  can  occur  with  alloys  that  develop  protective  passive  films  on  their  sur¬ 
faces.  Crevices  or  stagnation  zones  in  the  adjacent  sea  water  result  in  oxygen  depletion  which 
prevents  the  protective  film  from  reforming  once  it  is  penetrated  or  destroyed.  Accelerated 
corrosion  results  in  this  area  from  the  resulting  oxygen  cell  formation. 

Matertels/susceptible  to  crevice  corrosion  respond  in  varying  degree  to  dlfferent  types  of  crevice 
formation,  consequently,  the  resulting  degree  of  corrosion  is  difficult  to  predict. 

5.2.  3  GALVANIC  CELL  CORROSION  When  two  dissimilar  metals  are  in  electrical  contact 
and  immersed  in  a  sea  water  electrolyte,  they  establish  an  electrical  potential  which  causes  the 
more  negative  or  active  metal  to  corrode.  The  corrosion  is  the  result  of  theactive  metal  dis¬ 
solving  in  the  electrolyte  in  contact  with  it.  The  galvanic  scale  establishes  how  severe  a  galvanic 
couple  will  exist  and  how  serious  will  be  the  resultant  corrosion.  The  further  apart  .the  constit¬ 
uent  metals  are  in  the  series,  the’ more  accelerated  will  be  the  corrosion. 

When  an  underwater  component  design  employs  dissimilar  metals,  several  measures  can  be 
employed  to  reduce  or  eliminate  the  galvanic  couple.  Choice  of  materials  close  to  one  another 
in  the  galvanic  series  will  minimize  the  corrosion  acceleration  potential.  An  active  material  or 
anode  of  a  couple  must  never  be  used-L*  fabrication  ^  a  small  load  bearing  member.  This  item 
is  normally  fabricated  from  the  more  noble  metal  due  to  the  fact  that  galvanic  corrosion  rate 
varies  in  direct  relation  to  the  ratio  of  wetted  area  of  cathode  to  anode;  Coating  of  the  cathodic 
material  decreases  the  area  ratio  and  reduces  the  galvanic  action.  This  procedure  is  often  used 
in  conjunction  with  cathodic  protection.  Cathodic  protection  consists  of  providing  a  sacrificial 
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anode  electrically  connected  to  the  member  that  would  otherwise  be  the  anode  of  the  galvanic 
couple.  This  allows  the  sacrificial  anode  to  be  consumed  in  preference  to  the  material  to  which 
it  is  attached. 

Galvanic  couples  can  often  be  avoided  by  electrically  insulating  the  dissimilar  metals  using  such 
passive  materials  as  acetal  (Delrin)  gaskets.  It  must  be  remembered  that  galvanic  couples 
can  be  used  to  the  designer's  advantage  also.  A  prime  example  of  this  is  the  stainless  steel  hull 
penetrator  mounted  to  a  steel  pressu  ’e  hull.  Creation  of  a  galvanic  couple  protects  the  stainless 
penetrator  from  suffering  the  pitting  corrosion  that  would  wait  if  the  two  were  electrically 
isolated.  By  generating  the  galvanic  couple,  the  hull  becomes  the  anode;  attaching  zinc  anodes 
to  the  hull  allows  these  to  be  sacrificed  m  the  galvanic  couple.  The  result  of  this  procedure  is 
to  eliminate  extensive  pittbig  of  the  penetrator  and  limit  or  prevent  hull  corrosion  by  painting 
and  attachment  of  sacrificial  anodes  to  it. 

5.2.4'  SELECTIVE  PHASE  CORROSION  —  A  dangerous  type  of  corrosion  is  that  in  which  par- 
tic  aiar  constituents  of  certain  alloy  structures  are  attacked  by  sea  water.  Some  alloys  containing 
iron,  zinc,  aluminum,  or  nickel  are  subject  to  selective  phase  corrosion.  The  prime  danger  in 
this  type  deterioration  is  that  in  many  cases  the  component  may  retain  its  original  shape  and  appear¬ 
ance  but  has  lost  much  of  its  mechanical  strength  allowing  it  to  escape  visual  detection  while 
causing  a  hazardous  situation.  It  is  of  particular  significance  when  encountered  in  thin  sections 
such  as  threaded  fasteners  or  in  seal  surface  areas  such  as  O-ring  grooves. 

This  type  corrosion  can  be  found  in  some  cast  iron  alloys,  brasses  or  bronzes  containing  more 
than  15  percent  zinc  and  some  aluminum  bronzes  with  less  than  four  percent  nickel  content. 

Austenitic  stainless  steels  are  victims  of  a  closely  related  type  of  selective  phase  corrosion 
called  intergranular  corrosion  when  reheated.to  the  800  F  -  1,650  F  range.  The  sensitizing  of 
the  alloy  in  this  temperature  range  causes  carbon  to  combine  with  the  chromium  and  results  in 
precipitation  of  complex  chromium  carbides  at  the  grain  boundaries  when  cooled.  Immersion  in 
sea  water  causes  chromium-poor  grain  boundaries  to  corrode  rapidly.  Intergranular  corrosion 
is  a  common  occurrence  in  regions  adjacent  to  welds  in  stainless  steels  when  improper  alloy 
grades  are  used.  Intergranular  corrosion  can  be  avoided  in  three  ways: 

a.  Restrict  carbon  content  of  alloy  to  0.03  percent  max.  (304L,  316L  grades), 

b.  Stabilize  the  carbon  with  titanium  or  columbium  (321,  347  SST  and  FE-NI-CR  alloy  20CB, 
NI-FE-CR  alloy  325  are  examples). 

c.  Prevent- precipitation  of  carbide  formation  by  quenching  from  temperatures  above  1950  F. 

5.2.5,  STRESS  CORROSION  CRACKING  --  This  phenomenon  occurs  only  in  certain  alloys  under 
a  prescribed  set  of  conditions  in  a  marine  environment.  Basically,  what  occurs  is  that  the  metal 
alloy,  while  under  constant  tensile  load  (imposed  and/or  residual)  and  subject  to  a  particular 
corrosive  atmosphere,  can  experience  cracking  in  relatively  short  time  periods.  The  crack 
which  may  result  is  usually  initiated  at  a  stress  raiser  such  as  a  pit  or  other  material  flaw. 


5.2.6  C0RRG6I0N  FATIGUE  --  This  type  of  material  attack  Is  generally  similar  to  stress  cor¬ 
rosion  cracking  Inasmuch  as  the  material  must  be  subject  to  a  corrosive  environment;  however, 
the  load  In  this  case  must  be  fluctuating.  Corroolon  fatigue  is  fairly  rare  but  has  been  of  recent 
concern  In  suspension  and  tow  wire  ropes  and  also  In  recent  ship  propeller  studies. 

5.2.7  EROSION  CAVITATION  --  This  mechanism  occurs  on  such  components  as  valves, 
hydrofoils,  pump  Inlets,  pump  impellers  and  ships'  propellers.  Flow  separation  and  water 
velocity  characteristics  such  as  eddy  currents  create  localized  low  pressure  pockets  resulting 
In  alternate  gas  bubble  formation  (boiling  at  low  temperature  and  pressure)  ahd  collapse.  This 
process  Involves  a  large  energy  release  In  the  form  of  minute  bubbles  Impinging  on  the  compo¬ 
nent  creating  highly  localized  regious  of  stress  very  similar  to  sandblasting.  The  result  may  be 
rapid  removal  of  surface  films  resulting  in  accelerated  pitting  or  erosion  in  the  region  of  bubble 
collapse.  Design  materials  have  been  divided  into  four  categories  which  vary  from  highly  resis¬ 
tant  to  unsuitable  for  this  type  application.  At  normal  erosion  tendencies,  inherent  corrosion 
resistance  to  sea  water  appears  to  have  a  significant  effect  on  resistance  to  cavitation  erosion. 
Some  tests  at  high  level  cavitation  show  little. or  no  difference  in  cavitation  resistance  for  the 
same  metal  in  sea  water  compared  with  fresh  water  except  for  some  steels.  For  additional 
information  on  the  basic  types  of  corrosion,  see  references  1  through  10. 

5.3  CORROSION  GUIDELINES  FOR  SPECIFIC  METAL  ALLOYS 

Some  of  the  more  commonly  used  metal  alloys  used  in  the  sea  water  environment  are  given 
preliminary  evaluation  in  the  following  table: 


ALLOY 

Type 


Nickel 


Table  5-1.  Corrosion  Behavior  of  Common  Alloys  in  Sea  Water 
(From  references  1  and  2) 


ALLOY 

Designation  Resistance  Remarks  _ 

Hastelloy  C  Excellent  Limited  availability.  Difficult  to 

fabricate. 

Inconel  625  Excellent  New  alloy  with  limited  service 

experience.  More  easily  fabricated 
then  Hastelloy  C.  Available  as 
wire  rope. 

Monel  400  Good  Pits  (5-15  mils  per  year)  in  stagnant 

sea  water.  Excellent  resistance  to 
velocity.  CuNi  70-30  is  a  better 
general  -  purpose  choice,  but 
MONEL  400  may  be  used  when  the 
greater  strength  is  required.  High 
strength  version  is  K-500.  Use 
cathodic  protection. 


Inconel  718  Good 
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High  strength  levels  (130-170  ksi) 
available,  but  use  somewhat  limited 
by  pitting  attack. 


Table  5-1.  (Cont'd) 


Steel 


Type  316 

•Fair 

Type  304 

Poor 

Type  302 

Poor 

Type  303 

Poor 

Type  310 

Poor 

Type  400 

series 


Best  resistance  to  pitting  of  more 
common  stainless  steels.  Pitting 
in  stagnant  water  5-10  mils  per  year. 
Should  be  provided  with  cathodic 
protection. 

May  pit  in  excess  of  50  mils  per 
year  in  stagnant  water.  May  be  used 
for  outboard  equipment  if  in  electrical 
contact  with  bull  and  cathodic  protec¬ 
tion  is  used. 

Do  not  use. 

Do  not  use. 

Do  not  use. 

Do  not  use. 

Do  not  use/ 


Relatively  new  alloy. 

New  alloy,  manufacturer  claims 
corrosion  resistance  superior  to 
316  type. 


Type  216 

ARMCO 

22-13-5 


Notes  concerning  the  use  of  stainless  steel: 

Where  permissible  SST  alloys  are  used,  all  mechanical  fasteners  (nuts  and  bolts)  used  should 
be  coated  with  zinc  chromate  paste  prior  to  installation. 


ALLOY 

Type 


ALLOY 

Designation 


Resistance 


Remarks 


Stainless 


Alloy  20 


Good 


Isolated  connectors  or  components  of  CRES  such  as  cable  connectors,  lights,  cameras,  arms, 
etc. ,  must  either  be  grounded  directly  to  the  pressure  hull  or  electrically  connected  to  anodic 
materials  such  as  zinc  or  aluminum  alloy  anodes.  However,  it  is  preferable  that  these  items 
be  designed  from  other  materials  whenever  possible.  Isolated  connectors  or  components  are 
those  pieces  of.  equipment  which  are  independent  of  any  direct  electrical  connection  with  the 
pressure  hull. 


When  stainless  steels  are  used,  they  should  be  types  316  or  316L  for  wrought  forms  and  ACI 
Grades  CF-8M  or  CF-3M  for  castings.  Where  welding  is  required,  316L  or  CF-3M  should  be 
used 


Although  17-4  PH  stainless  steel  in  the  H1025  or  higher  temperature,  condition  is  less  susceptible 
to  pitting  and  stress  corrosion  cracking  than  the  300  series  stainless  steels,  it  does  require 
cathodic  protection  when  exposed  to  sea  water.  To  protect  from  general  corrosion  (light  surface 
rusting),  17-4  PH  stainless. steel  should  be  painted,  17-4  PH  stainless  in  the  H900  condition  is 
not  acceptable  for  use  in  sea  water. 
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The  use  of  type  303  or  3C3  Se  should  be  .prohibited  in  any  sea  water  applications.  Tlv.se  materials 
have  inferior  corrosion  resistance  compared  with  types  304  or  316. 

Use  of  other  300  series  stainless  steels  may  be  considered  on  an  individual  case  basis  with 
approval  by  a  materials  review  agency. 

Application  of  Welded  Materials 


Low  carbon  grades  of  austenitic  stainless  steels  are  preferred  for  welded  assemblies  to  reduce 
the  susceptibility  to  carbide  precipitation  in  the  grain  boundaries  of  the  heat-affected  zone. 
•Carbide  precipitation  removes  chromium  from  the  grains  of  the  metal  and  forms  relatively 
stable  chromium  carbides.  The  result  of  this  is  that  a  galvanic  cell  is  set  up  between  the  grain 
boundary  carbides  and  the  adjacent  area  of  the  grain.  In  a  sea  water  environment,  this  heat- 
affected  zone  becomes  very  susceptible  to  intergranular  corrosion.  The  precipitated  carbides 
can  be  dissolved  by  an  annealing  heat  treatment  after  welding;  however,  if  annealing  is  not  practi¬ 
cal,  the  low-carbon  grades  which  are  less  susceptible  to  carbide  precipitation  should  be  used 
■for  welded  components. 


Alloy  Alloy 

Type  Description  Resistance  Remarks 


Copper 

CuNi  70-30 

Excellent 

Base 

CuNi  90-10 

Excellent 

Casting 

NiAl  Bronze 

Good 

Alloys 

Only 

NiAIMn  Bronze 

Good 

(Superston) 

Will  suffer  slight  corrosion,  but  is 
one  of  the  best  general  -  purpose 
alloys  for  sea  water.  Outstanding 
for  piping.  Very  good  for  low  velocity' 
and  stagnant  sea  water;  resists  pit¬ 
ting  and  crevice  corrosion. 

Somewhat  Jess  resistant  to  general 
corrosion  than  70-30  alloy. 

Use  MIL-B-21230  Alloy  1. 


Use  MIL-B-21230  Alloy  2. 


Notes:  Copper -Base  Alloys  -  In  general,  most  of  the  copperbase  alloys  are  resistant  to  sea 
water  corrosion  but  are-  subject  to  other  corrosion  effects.  For  example,  some  aluminum 
bronzes  are  subject  to  dealuminumification  in  the  absence  of  nickel.  Therefore,  nickel  aluminum 
bronzes  must  contain  a  minimum  of  four  percent  jiickel  for  sea  water  uses. 

The  high-strength  brasses  such  as  manganese  bronze  are  subject  to  stress-corrosion  cracking 
and  must  be  used  with  caution. 

High  zinc  brasses  are  subject  to  dezincification  and  should  not  be  used  in  sea  water  without 
review  by  a  material  review  agency. 
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Alloy  Alloy 

Type  Designation 

Titanium  Pure  Ti 

Base 

Ti-6A1-4V 


Aluminum  5000  Series 

Bass 


Aluminum  6061,  A-356 

Base 


2000 


Resistance  Remarks 

Excellent 


Excellent 


Good 


Fair-Good 


Very  Poor 


Each  production  lot  used  should  be 
evaluated  for  resistance  to  stress- 
corrosion  cracking  in  sea  water,  and 
in  any  organic  solvents  which  are 
likely  to  come  in  contact  with  the 
alloy 

5083  best,  5086  also  good.  Use  A-356 
for  castings.  Must  be  isolated  from 
mild  steel  or  other  cathodic  metals. 
Close  proximity  to  copper  alloys  may 
cause  severe  pitting  even  though  the 
aluminum  is  electrically  isolated. 
Fasteners  used  with  aluminum  alloys 
must  be  aluminum  alloy,  stainless 
steel  or  zinc  cadmium  plated  steel 
(non-immersion)  and  coated  with  zinc 
chromate  sealant. 

Remarks  above  apply.  Responds  well 
to  cathodic  protection.  Is  often  used 
because  of  availability,  but  5083  or 
5086  is  the  alloy  of  choice. 

Do  not  use. 


7000  series  Poor 


Magnesium 


Very  Poor 


Do  not  use  for  critical  components. 
Some,  but  not  all  7000  series  alloys  can 
can  be  used  successfully  if  painted  and 
provided  with  cathodic  protection. 

Do  not  use. 


Carbon  and 
Low  alloy 
Steels 


Fair 


Must  be  protected  by  painting  and 
anodic  protection. 


5.3. 1  COMPATABILITY  OF  MATERIALS  --  Alloys  such  as  300  series  stainless  steels  and 
Ni-Cu  (Monel)  alloys  which  are  susceptible  to  crevice  corrosion  should  never  be  used  in  sea 
water  applications  where  they  are  in  contact  and  form  a  crevice  with  the  same  alloy,  another  sus¬ 
ceptible  alloy,  or  with  a  non- metallic  material.  They  may  be  used  in  contact  with  alloys  that  are 
significantly  less  noble  (anodic)  provided  that  the  surface  area  or  wall  thickness  of  the  less  noble 
alloy  is  sufficient  to  support  and  increase  corrosion,  that  will  occur  as  a  result  of  the  galvanic 
couple. 

In  sea  water,  copper-base  alloys  (70-30  Cu-Ni  and  bronzes)  may  be  either  anodic  or  cathodic  to 
stainless  steel  (304  and  316)  depending  on  whether  the  stainless  steel  is  in  the  passive  or  active 
condition.  Therefore,  the  direct  coupling  of  copperbase  alloys  to  stainless  steel  in  sea  water 
should  be  avoided  wherever  possible. 
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If  design  requirements  are  such  that  use  of  copper-base  alloys  joined  to  stainless  steel  cannot 
be  avoided,  the  following  guidelines  should  be  followed: 

a.  In  connectors  such  as  flanges,  the  faying  surfaces  between  the  copper-base  alloy  and  stain¬ 
less  should  be  coated  with  zinc  chromate  paste.  The  stainless  steel  part  of  the  component 
should  either  be  grounded  to  the  hull  or  galvanically  protected  with  zinc  or  aluminum  anodes. 
The  zinc  chromate  paste  assists  tn  protecting  the  stainless  in  the  crevice  and  should  be 
replaced  when  depleted. 

b.  In  any  application  where  copper-base  alloys  and  stainless  steel  are  coupled  together,  they 
must  be  cathodically  protected.  As  a  general  rule,  the  stainless  steel  part  of  the  component 
should  be  coupled  to  sacrificial  anodes.  If  this  is  not  practicable  and  there  is  a  secure 
electrical  connection  between  the  stainless  steel  and  copper-base  alloy,  then  the  copper- 
base  alloy  could  be  coupled  to  the  anodic  material. 

c.  All  designs  where  copper-base  alloys  and  CRES  must  be  coupled  together  should  be  sub¬ 
mitted  to  materials  engineering  personnel  for  review  and  approval. 

In  the  galvanic  series  in  sea  water,  titanium  alloys  are  on  the  noble  end  relatively  close  to  type 
316  stainless  steel  (passive)  and  Monel.  Therefore,  titanium  alloys  are  cathodic  to  most  materials 
when  coupled  and  exposed  to  sea  water  and  the  rules  governing  galvanic  corrosion  should  be 
applied.  Unlike  type  316,  stainless  steel  and  Monel,  titanium  alloys  are  generally  not  susceptible 
to  pitting  and  crevice  corrosion  (some  titanium  alloys  are  susceptible  to  pitting  in  very  hot 
sea  water). 

5.4  CORR06ION  CONTROL  3Y  COATING  OF  METALS 

The  prevention  and  control  of  corrosion  of  metal  exposed  to  sea  water  service  is  generally  ob¬ 
tained  by  the  use  of  organic  coatings  (although  other  means  and  combinations  are  used).  Organic 
coatings  protect  metals  from  corrosion  by  interposing  a  continuous,  inert,  adherent  film  between 
the  metal  and  the  environment. 

The  most  important  factor  affecting  the  performance  of  any  coating  (no  matter  how  good  it  is)  is 

preparation  of  the  surface  to  be  coated.  The  surface  should  be  completely  free  of  rust,  loose 

dirt,  scale,  loose  paint,  oil,  grease,  salt  deposits,  and  moisture.  Also,  surface  and  ambient 
temperatures  should  be,  generally,  between  40  and  85  F.  Blast  cleaning  is  the  most  effective 
method  of  cleaning  steel  metal  surfaces,  but  should  be  used  with  cautlon  to  avoid  damage  to 
nonferrous  metal  surfaces.  Also,  blasting  should  be  avoided  where  electrical  equipment  and 
apparatus  are  involved  to  avoid  contamination  and  damage,  and  power  disc  sanding  and/or  grind¬ 
ing  or  chemical  treatment  should  be  used. 

A  wide  choice  of  coatings  are  available  to  provide  corrosion  protection  in  sea  water.  Some 
examples  of  the  various  generic  systems  are  as  follows: 

Vinyl  F-117  (one  coat  0.5  mil),  F-119  (four  coats  at  1.5  mils  each) 

F- 117  (0.5  mil),  F-14N  (two  coats  at  2.5  mils  each) 

F-117  (0.5  mil),  F-116  (two  coats  at  1.5  mils  each) 
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Epoxy  (MIL-P-23236) 

Devran202  (2  mils)  ami  Dev  ran  203  (two  coats  at  3.5  mils  each) 

Devran  202  (2  mils)  and  Dev  ran  215 

Tatset  (one  coat  red  at  8  mils  and  one  coat  black  at  8  mils) 

Amercoat  83  (2  mils),  Amercoat  84  (two  coats  at  3  mils  each) 
intergard  4421  and  4424  (5  mils) 

Epoxy -Isocyanate  (MIL-P-23236) 

Devran  202  (2  mils),  Devran  203W  (two  coats  at  2.5  mils  each) 

Devran  202  (2  mils),  Devran  215W  (one  coat  at  6  mils) 

Isocyanate  (MIL-P-23236) 

Laminar  X-500  primer  (1.5  mils),  X-500  and  topcoat  (three  coats  at  1.5  mils  each) 

Coatings  should  be  applied  according  to  manufacturer  and/or  military  instruction. 

5.5  GUIDELINES  FOR  SELECTING  METAL  ALLOYS  FOR  SEA  WATER  SERVICE 

Table  5-2  presents  a  tabular  collection  of  candidate  material  properties.  The  materials  included 
represent  the  majority  of  the  engineering  alloys  available  to  designers  of  sea  water  service 
equipments. 

Table  5-3  provides  a  concise  collection  of  data  concerning  alloy  corrosion  and  compatibility.  It 
includes  all  the  materials  being, considered  in  the  current  state  of  the  art  and  some  projected  for 
use  in  the  near  future. 

5.6  NON-METALUCS 

Extensive  testing  has  been  done  over  the  past  several,  years  in  establishing  many  plastic  materials 
suitable  for  marine  application.  However,  due  to  the  wide  range  of  environmental  variables  as 
well  as  processing  variables  and  lack  ofstandard  test  methods  in  many  instances,  data  has  shown 
a  great  degree  of  scatter.  It  is  not  uncommon  to  find  contradictory  data  concerning  tests  of  this 
nature.  Materials  of  the  same. generic  type  in  similar  deep  ocean  environment  have  been  reported 
by  some  investigators  to  have  displayed  no  effects  on  their  mechanical  properties  while  tests  by 
others  reported  severe  degradation.  In  order  to  be  aware  of  possible  unsatisfactory  materials, 
all  materials  showing  adverse  effects  from  deep  ocean  environmental  tests  are  summarized  in 
table  5-5. 

Not  all  test  data  reflects  wide  scatter  or  is  of  a  contradictory  nature.  Much  of  the  information 
gathered  by  researchers,  although  showing  considerable  scatter,,  can  establish  general  trends. 
Data  generally  has  shown  agreement  that  hydrostatic  pressure  level  has  no  significant  effect  on 
water  permeability  of  solid  non- metallic s.  Other  data  confirms  that  certain  damaging  types  of 
marine  borers  will  attach  themselves  and  Inflict  mechanical  injury  to  almost  all  plastics  and 
elastomers,  depending  on  exposure  conditions.  Bulk  modulus  and  compressibility  Information  is 
difficult  to  obtain  and  notably  lacking  in  most  literature  and  vendor  material  specifications.  What 
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NOTES:  (a)  For  107  cycles 

(b)  Not  fully  investigated 

(c)  Not  specified 


(d)  Very  good 

(e)  Requires  post  weld  seat  treetment 

(f)  Low  cycle  note 


Ar 


K  W 

in 

hi 

OOS 


ACC1 

WHE1 

ANOE 


Table  5-2.  Conspectus  of  Properties  of  Alloys 
for  Sea  Water  Application 
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N.  PROPERTIES 

CANDIDATE  N. 
METAL  \ 

CONDITION 

OR 

FINISH 

COPPER  ALLOYS: 

Cu-Ni-Fe  (CA  716) 

Cu-Ni-Be  (CA  717) 

Cu-Ni-Ce  (IN  732) 

ANNEALED 

(CAST) 

SOLUT. 

TREATED 

NICKEL  ALUMINUM 
BRONZE 

_ -j 

ANNEALED 

NICKEL  COPPER  ALLOYS: 

i 

MONEL  400  (Ni-Cu) 
MONEL  K5 00 
(Nl-Cu-Al) 

ANNEALED 

AGE- 

HARDENER 

NICKEL-BASE  SUPER 
ALLOYS: 

INCONEL  600 

ANNEALED  ; 

INCONEL-625 

ANNEALED  . 

INCOLOY  325 

HASTE  LLOY  C 

COLD  DRAWN 
&  ANNEALED 
HEAT 
TREATED 

DENSITY 

(LB/IN2) 

ELASTIC  MODULUS 
X  106 
(LB/IN2) 

ULT.  STRENGTH 

X  10.5 
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LIMIT  (FATIGUE) 
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(LB/IN2) 

TOUGHNESS 

NOTCH 

SENSITIVITY 

1 

22.5(h)l 

5 

0.304 
0. 305 
0.294 
0.323 


NOTES:  (g)  Estimated 

(h)  For  10**  cycles 

(i)  Perylco717 

(j)  MIL-B-24059,  Amendment 

(k)  Stagnant  sea  water 

(l)  Controlled  atmosphere  (contamination) 


26  80  35  40  4?/ 

26  130  90  25  45( 


31  90.5  36.5 

29. 8  120/15C  60/95 

28.3  85/105  35/60 

29.8  121  57.3 


(m)  In  mud  ocean  floor  and  sea  water 

(n)  Good  machinablllty  when  annealed 
(o'>  Also  weldable  to  steels 

(p)  Extra. low  interstitial  (low  temperature  strei 

(q)  Anodizing  or  lithium  carbonate-treatment  av 
Fatigue  strength  impaired 
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NOTES:  (q)  Anodizing  or  lithium  carbonate  treatment  available—  (s)  250  grade 

Fatigue  str*  ,.gth  impaired  (t)  Experimental  (one  heat) 

(r)  For  10°  cycles 
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Table  5-3.  Penetrator  and  Hull  Material  Compatibility 


HULL  MATERIAL 


PENETRATOR  MATERIAL 


Type 


Yield  Str. 
X  1000 
lb/in 


HY-80 

Steel 


HY-150 

Steel 


80 


130 


HY-180 

Steel 

18%  Ni 
Mara- 

ging 

Steel 

HP  9-4-20 
Nl-Cobalt 
Steel 
Alloys 


HP  9-4-25  175 

T16A1-4V  125 


180 


190 


180 


G.R.P. 


Aluminum 

Alloy 

7079-T6 


60 


TI6A1-4V 
Annealed 
Sy  =  125,000 


Inconel  625 
Annealed 
Sy  =  60,000 


Hastelloy  C 
Heat  Treated 
Sy  =  57,000 


ARMCO 
22-12-5 
Annealed 
Sy  =  55,000 


May. polarize  - 
more  noble  than 
the  steels  either 
way.  Weld  over¬ 
lays  on  hull  pene¬ 
trations  required 
for  sealing  surface. 
Monel  overlay  has 
been  used,  but  this 
causes  severe  galvanic 
attackof  adjacent 
HY-80.  Other  mate¬ 
rial,  such  as 
Inconel  625,  must 
be  considered  for 
overlay 


Expect  excellent 
compatibility  - 
best  choice. 


The  material  of 
the  hull  penetra¬ 
tion  will  grovern- 
expect  no  problem 
with  the  G.R.P., 
per  se. 


Expected  to 
polarize  under 
most  cpnditions- 
more  noble  than 
steels.  High 
probability  of 
good  results, 
particularly  if 
625  is  used. 


Essentially 
same  nobil¬ 
ity  as  titan¬ 
ium.  Expect 
good  results. 


Usually  a  third 
choice  to  tltan-r 
ium  or  Inconel 
625  on  the  basis 
of  availability. 
Comparable  cor¬ 
rosion  resis¬ 
tance  but  may 
not  polarize  as 
well  as  Inconel 
625  or  titanium. 


Same  nobility 
as  titanium, 
however,  In¬ 
conel  625  is  a 
better  choice. 


Little  data  and 
no  experience 
wiiiYthis  alloy. 
Should  be  quite 
noble  but  may  pit. 
Corrosion  be¬ 
havior  similar 
to  316  CRES. 
Inconel  625 
should  be  good 
overlay. 


Probably  less 
noble  than  ti¬ 
tanium  -  but 
questionable. 

Not  recommended. 


Hull  strongly  anodic  with  respect  to  penetrators.  This  would  require 
coating  of  penetrators  to  reduce  corrosion. 
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Table  5-3.  (Cont'd) 


Material  Compatibility 

The  compatibility  of  various  alloys  with  respect  to  each  other,  in  sea  water,  cannot  be  expressed  ' 
adequately  in  a  brief  table.  The  table  must,  therefore,  only  serve  as  a  general  guide  and  each 
application  must  be  considered  separately. 

For  the  purpose  of  this  report,  it  is  sufficient  to  list  the  most  Important  factors  which  must  be 
considered  to  assure  compatibility,  these  are; 

a.  The  area  ratios  of  the  two  alloys  involved. 

b.  Water  flow  over  the  area,  and  the  velocity. 

c.  Zinc  anodes  in  the  area  and  the  potential  to  add  more  anodeB,  if  necessary. 

d.  Geometric  crevices  -  compatibility  in  general  does  not  assure  freedom  from  crevice 
corrosion. 

e.  Polarization  and  how  the  specific  geometry  and  environment  will  affect  this  polarization. 

In  general,  the  penetration  alloys  listed  are  more  noble  than  the  hull  alloys,  as  manifest  by  their 
relative  positions  on  the  standard  table  of  Galvanic  Series  in  SeaWater.  Since  polarization  can 
alter  the  relative  positions  of  alloys  in  this  series  with  time,  galvanic  series  relationships  should 
be  used  only  as  a  starting  point.  They  do,  however,  point  up  one  significant  factor,  the  anode  or 
sacrificial  material  will  usually  be  the  pressure  hull.  This  suggests  that  coating  of  the  penetrator 
with  some  finish  system  which  would  effectively  exclude  sea  water  from  contacting  the  penetrator 
would  be  efficient.  Small  holidays  in  the  coating  on  a  penetrator  should  not  present  any  particular 
corrosion  problems. 

With  steel  pressure  hulls,  it  is  common  to  weld  overlay  the  penetration  area  with  Monel  to  provide 
a  corrosion  resistant  seating  surface  for  the  penetrator.  This  practice  requires  re-evaluation 
because  Monel  is  strongly  cathodic  to  the  hull  steel  and  does  not  polarize,  consequently,  a  Monel 
overlay  causes  severe  galvanic  corrosion  of  adjacent  hull  steel  when  it  is  exposed.  This  condition 
is  usually  prevented  by  coating  of  the  overlay.  Work  is  now  underway  to  evaluate  other  alloys,  such 
as  Inconel  625  for  hull  penetration  overlays.  The  corrosion  behavior  and  polarization  characteristics 
of  625  should  be  much  more  satisfactory  than  those  of  Monel.  Regardless  of  which  specific  alloy  is 
used  for  an  overlay,  its  compatibility  with  the  hull  alloy  and  with  the  penetrator  alloy  must  be  evaluated. 
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data  was  readily  available  is  included  in  table  5-7  and  references  12,  13,  14,  15,  and  16.  Very 
little  information  is  available  concerning  low  cycle  fatigue  of  plastics;  wliut  has  been  obtained 
deals  mainly  with  glass  reinforced  types  (see  references  17  and  18).  A  listing  of  materials  which 
might  find  use  in  sea  water  application  appears  as  table  5-6.  It  is  based  on  limited  data  obtained 
from  a  literature  search  and  reported  physical  and  mechanical  material  properties. 

5.6. 1  DISCUSSION  —  The  data  obtained  from  the  technical  literature  search,  because  of  its 
contradictory  nature,  clearly  indicates  the  need  for  thoroughly  testing  any  candidate  material 
under  actual  service  conditions.  It  should  be  stressed  that  nearly  all  of  the  data  contained  in  the 
following  tables  reflects  the  properties  as  measured  on  test  specimens  after  the  immersion 
periods.  The  properties  so  obtained  are  not  necessarily  an  indicator  as  to  the  suitability  of  the 
material  in  sea  water.  The  only  fair  evaluation  of  any  material  for  its  intended  environment  is 
the  determination  of  its  critical  properties  while  in  its  environmental  medium.  Some  recent 
testing  of  materials  under  simulated  marine  atmospheres  (temperature  controlled  pressurized 
tanks  containing  sea  water)  have  shown  that  results  may  be  quite  different  than  those  obtained 
by  testing  of  the  specimen  at  room  conditions  after  removal  from  its  test  environment.  The 
importance  of  knowing  a  material's  properties  under  actual  service  conditions  should  hi  given 
primary  consideration  in  determining  its  suitability  for  use  (see  reference  19). 

Nominal  values  for  impact  resistance,  hardness,  tensile  and  compression  strengths,  water 
absorption,  temperature  limitations,  formability  and  dimensional  stability  as  well  as  other 
critical  properties  of  certain  generic  types  of  plastics  are  presented  in  table  5-4.  The  data  in  most 
useful  for  comparative  purposes.  Complete  testing  must  be  performed  to  accurately  establish 
critical  properties  asethe  material  formulation  and  processing  have  a  strong  influence  on  the 
material  capabilities. 

5.6.2  MATERIAL  PERFORMANCE  —  Some  material  properties  which  serve  as  indicators  as 
to  the  suitability  of  non-metallic  compounds  in  sea  water  are:  tensile  strength,  dimensional 
stability,  service  temperature,  dielectric  strength,  etc.  These  are  relatively  familiar  terms 
and  require  no  further  explanation.  However,  there  are  other  critical  properties  with  which 

one  is  usually  less  acquainted  and  are  also  effective  in  revealing  a  material's  suitability  in  water. 
Those  that  are  significant  and  require  description  are:  low  cycle  fatigue  life,  creep  under 
hydrostatic  pressure,  bulk  modulus,  compressibility,  permeability  and  water  absorption  under 
hydrostatic  pressure,  and  hydrolytic  effects  of  seawater.  These  are  defined  below. 

5.6.2. 1  LOW  CYCLE  FATIGUE  LIFE  —  This  property  is  intended  to  signify  the  life  expectancy 
of  a  component  subject  to  repeated  loading  such  as  that  encountered  in  submersible  service.  A 
material  that  displ  ys  excellent  steady  state  stress  capability  and  has  characteristically  low 
resistance  to  loading  after  a  specified  number  of  load  applications  would  reflect  poor  low  cycle 
fatigue  life  and  would  be  unsuitable  as  a  non-metallic  material  candidate. 
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References  17  and  18  deal  with  fatigue  cycling  of  epoxy-glass  reinforced  laminates  subject  to 
cracking  and  consequent  reduction  of  mechanical  properties  due  to  long  term  exposure  to  repeated 
loading.  The  major  problem  in  ensuring  high  fatigue  strength  in  laminates  is  preventing  water 
from  penetrating  and  infiltrating  ihs  composite  along  the  reinforcing  fibers.  Data  on  water  pene¬ 
tration  indicates  that  fresh  water  has  greater  destructive  effects  than  sea  water. 

No  low  cycle  fatigue  data  was  found  for  solid  plastics  and  manufacturers  do  not  normally  supply 
this  information. 

5.6. 2. 2  CREEP  UNDER  HYDROSTATIC  PRESSURE  —  Creep  is  a  time  dependent  phenomenon 
In  non-metallic  substances  and  is  a  measure  of  a  materials  resistance  to  plastic  flow  or  shear. 
Some  plastics  may  display  high  resistance  to  loads  applied  for  short  time  intervals  but  have 

little  resistance  to  smaller  long-term  loads.  Other  factors  which  affect  creep  strength  are  temper¬ 
ature  and  specimen  shape.  Temperature  increase  usually  decreases  creep  strength.  Much  of  the 
data  presented  was  obtained  from  bar  test  specimens  of  circular  or  rectangular  cross  sections. 
Applications  of  this  data  would  not  be  strictly  correct  if  the  ultimate  design  components  were 
not  of  similar  geometry  and  loaded  in  the  same  manner.  Most  materials  exhibit  a  dilferent  resis¬ 
tance  of  tensile  creep  than  bending  creep;  consequently,  the  data  must  correspond  to  the  type  of 
load  prevailing  in  the  design  application.  A  convenient  method  of  designing  within  a  material's 
creep  limitations  at  a  specific  temperature  is  to  make  use  of  the  reduced  or  apparent  elastic  mod¬ 
ulus.  This  design  constant  is  obtained  through  empirical  data  for  a  given  temperature,  load  range 
and  type  of  load. 

5.6.2. 3  BULK  MODULI®  —  This  quantity  is  the  ratio  of  change  in  pressure  to  fractional  change 
in  volume  at  constant  temperature  of  a  material  and  serves  as  an  indicator  as  to  how  much  move¬ 
ment  (strain)  will  occur  within  a  material  under  hydrostatic  pressure. 

5. 6. 2. 4  COMPRESSIBILITY  —  The  inverse  of  bulk  modulus,  compressibility,  can  be  defined  as 
the  fractional  volume  change  per  unit  increase  in  pressure.  Neither  quantity  is  readily  available 
from  manufacturerers;  consequently,  most  of  the. data  found  in  table  5-7  was  calculated  from  the 
references  given.  All  polymers  (e.g. ,  styrene,  polyethylene,  epoxy,  nylon,  etc.)  show  compres¬ 
sibilities  (volume  reductions)  of  10  to  15  percent  up  to  11,000  atmospheres  and  20  percent  at 
20,000  atmospheres.  This  volume  reduction  is  a  rioult  of  reducing  the  .material's  free  volume 
and  increases  with  increasing  temperature  to  11,000  atmospheres.  It  has  been  hypothesized  by 
investigators  that  the  volume  changes  above  11,000  atmospheres  are  due  to  measuring  Inaccuracies 
and  also  possible  molecular  structure  changes  in  the  specimens  themselves.  The  degree  of 
compressibility  of  cross-linked  polymers  does  not  differ  from  that  of  linear.  The  amount  of  com¬ 
pression  (volume  change)  at  any  temperature  and  pressure  is  not  constant  but  appears  to  be 

time  dependent. 

5. 6. 2. 5  PERMEABILITY  AND  WATER  ABSORPTION  UNDER  HYDROSTATIC  PRESSURE  — 
Permeability  is  a  measure  of  the  extent  to  which  water  can  piss  through  or  into  a  barrier  (the 
material  specimen)  without  physically  or  chemically  affecting  it.  Large  hydrostatic  pressure 
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does  not  Increase  permeation.  The  data  on  this  property  (table  5-5)  shows  that  high  pressures 
either  cause  permeation  to  decrease  In  some  materials  or  have  no  effect  at  all.  Permeability 
is  expressed  in  percent  weight  change  of  test  specimen. 

5. 6. 2. 6  HYDROLYTIC  EFFECTS  OF  SEA  WATER  --  This  variable  Is  usually  expressed  qual¬ 
itatively  as  It  describes  chemical  reaction  of  a  substance  with  sea  water.  In  nearly  a'l  cases 
where  hydrolysis  occurs,  it  results  in  deterioration  of  the  material's  mechanical  properties.  It 
has  also  been  found  that  fresh  water  would  be  a  more  aggressive  agent  than  sea  water  where 
chemical  reaction  occurs.  A  good  example  of  this  property  variable  is  the  reversion  which  some 
polyurethanes  exhibit  when  exposed  to  high  humidity  at  elevated  temperature.  The  hydrolytic 
reaction  which  ensues  results  in  the  cured  material  reverting  to  a  liquid  state,  seriously  lacking 
in  the  mechanical  properties  displayed  in  its  solid  condition. 

5.7  GUIDELINES  FOR  SELECTING  NON- METALLIC  MATERIALS  FOR  SEA  WATER  SERVICE 

Tables  5-4,  5-5,  and  5-5  present  a  concise  collection  of  material  properties  which  should  be 
considered  in  choosing  non-metallics  for  use  in  sea  water.  The  information  presented,  although 
fairly  accurate,  is  dependent  on  such  a  wide  range  of  variables  that  absolute  quantities  may  not 
be  as  significant  as  the  comparison  of  the  quantity  among  the  materials.  Due  to  variations  in 
compounding  and  processing  techniques  involved  in  preparing  test  specimens,  strict  adherence  to 
absolute  quantities  is  not  advisable.  Data  for  this  nature  should  be  obtained  from  preproduction 
samples  tested  in  a  meaningful  and  realistic  environment. 


Table  5-4.  Some  Deleterious  Effects  Of  Deep  Ocean  Environment 

Upon  Plastics  And  Elastomers 

MATERIAL 

CONDITIONS 

REMARKS  REFERENCE 

Epoxy  laminate  - 
filament  wound 

111  days  in  the  ocean  at 
5700  feet. 

Approx.  16%  and  2%  losses  in 
comp,  stress  and  comp.  mod. ,‘ 
resp. ;  32%  loss  of  interlaminar 
shear  strength 

’20 

Urethane  foam  - 
htgh  density 
(Mgld) 

Ill  days  in  ocean  at 

5700  ft. 

Up  to  18%  loss  in  comp.  str. 

(10%  defl.) 

Molded  polyurethane 
(Chem  Seal  3503) 
Polyethylene  -  med. 
dens. 

Neoprene  (Falrprene 
M5580) 

2+  years  in  ocean  at 

5000  ft. 

2  years  in  ocean  at 

5000  ft. 

2  years  in  ocean  at 

5000  ft. 

Color  change,  6%  wt.  loss, 
slight  softening,  splitting. 

Severe  splitting 

Severe  cracking,  shrinkage  and 
loss  in  weight  and  hardness 

21 

Acrylic 

Polyester  laminate 
Pheholics 

Epoxy 

751  days  in  ocean  at 

5640  ft.  (36  F) 

All  of  these  materials  showed 
significant  losses  in  tensile, 
compression  and  flexural 
strengths. 

22 
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Table  5-4.  (Cont’d) 


MATERIAL 

CONDITION 

REMARKS 

REFERENCE 

Polyurethane 
(PR  1535  & 

1547) 

One  week  in  3%  salt 
water  at  120  F  and 
1000  psig 

Up  to  54%  loan  In  tensile 
strength,  4%  loss  in  elong. 

30%  loss  in  tear  strength 
and  up  to  80%  loss  in 
electrical  resistance 

23 

Neoprene 

Polyethylene 

18  months  in  ocean  at 

5  to  35  ft. 

Hardened  14  pts,  and  11%  wt. 
loss-cable  jacket  split 
longitudinally 

24 

Silicone  (125C, 
gen.  purpose  white) 
Polyvinyl  chloride 
Natural  rubber 

Hypalon 

Hycar 

Butyl 

Polyethylene 

10-300  days  in  water 
at  50-70  C 

All  these  materials  showed 
significant  increases  (12- 
328%)  in  mutual  capacitance 
after  300  days  in  water  at 

50°C 

25 

Acetal 

Nylon 

Phenolic  laminate 
Polycarbonate 

Teflon 

Cellulose  acetate 
Polyethylene 
Acrylic-extruded 
Polystyrene 

Polyvinyl  chloride 
Silicone 

One  year  2370  ft.  in 
ocean  from  sediment 
to  3  ft.  above  sedi¬ 
ment 

All  of  these  materials  were 
attacked  by  marine  borers 
to  varying  degrees  under 
specific  conditions 

26 

Butyl,  neoprene, 
natural  rubber, 

Geon  (PVC), 

Bakelite  PVC,. 
polyethylene  nylon, 
teflon,  polypropylene, 
PVC,  SBR 

These  materials  were  not 
affected  by  marine  borers 
and  were  in  excellent 
condition. 
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MATERIAL 

HARDNESS1 

IMPACT2 

TENSILE3 

PROPERTIES 

COMP 

PROI 

Acetal  plastics 

M  75-90 

R  118-120 

0.8-1. 6 

TS  8-11  ksl 

E  7-75% 

Mod.  400-1000 
ksl 

CS  16 
10% 
Mod. 
ks 

Acrylic  plastics 

M  80-105 

0.3-0. 5 

TS  7-11  ksl 

cs  i: 

E  2-10% 

Mod. 

Mod  350-500 

ki 

ksl 

R  99-120 

0.5-4. 5 

TS  5-9  ksl 

CS  4 

E  15-50% 

Mod 

Mod.  200-400 

k 

ksl 

Acrylonltrlle- 

R  85-109 

3-8 

TS  5-6.2  ksl 

CS  1 

butadlene- 

E  6-60% 

Mod 

styrene  plastics 

Mod.  230-350 
•  ksl 

k 

M  65-100 

1-2.4 

TS  8.5-19  ksl 

CS 

E  2.5-3% 

Moc 

Mod.  600- 
1000  ksl 

1 

Dlallyl  phthalate 

E  61-87 

0.3-15 

TS  5-60  ksl 

CS 

M  108-115 

E 

Mod.  600- 
2200  ksl 

Mo 

Phenolic 

M  124-128 

0.2-0.36 

TS  7-8  ksl 

CS 

Plastics 

E  1-1.5% 

Mod.  750- 
1000  ksl 

Mo 

E  54-101 

0.27-18 

TS  5-18  ksl 

CS 

E  0.13-0.5% 
Mod.  2500- 
3300  ksl 

Me 

Phenylene 

R  118-120 

1. 5-2.0 

TS  9.6-18  ksl 

CS 

oxide  plastics 

M  70-94 

E  4-80% 

u  i-wu/u 

Mod.  380-  M» 

1330  ksl  13 


Polycarbonate 

plastics 


R  106-120  1.2-17.5  TS  6.5-25  ksl  CS 

M  70-95  E  0.9-150%  M 

Mod.  350-170C 


IcT2 

TENSILE3 

PROPERTIES 

COMPRESSIVE4 

PROPERTIES 

FORMABILITY5 

WATER  ABSORPTION 
AT  PRESSURE 

DIMENSIONAL 

STABILITY 

BOND  ABILITY  TO 
EIASTOMER 

WATER, 

ABSORP'i 

ORPERME/ 

►1.6 

> 

2 

i 

TS  8-11  ksl 

E  7-75% 

Mod.  400-1000 
ksl 

CS  16-18  ksl 

10%  deflection 
Mod.  450-670 
ksl 

Moldable 
(CM,  IM,  EX) 
Mach. 

1000  pslg  74D,  RT 
4.75% 

Fresh  water 

0.29%  Pacific 

Sea  water  2500  pslg 

24  mos 

Good  - 
4  mlls/ln. 
after  long 
Immersion  In 
water 

Difficult. 

Special  surface 
preparation. 
Chemlok  220, 

EC  711, 

Narmco  3 135 A  ■ 
etc. 

0.22-0.29% 
1.9-3gm/10' 
24  hrs/mll 

-0.5 

i 

, 

\ 

TS  7-11  ksl 

E  2-10% 

Mod  350-500 
ksl 

CS  12-18  ksl 
Mod.  370-460 
ksl 

Moldable 

(C,  CM,  IM,  EX) 

tnach. 

Sea  water  24  mos, 
0.51% 

2500  pslg  Pacific 

Ocean 

Good 

OK,  nat.  rubber, 
urethane, 
acrylics,  epoxy 

0.3-0. 4% 

$ 

i-  4.5 

TS  5-9  ksl 

CS  4-14  ksl 

Good 

As  above 

0.2-0. 4% 

E  15-50% 
Mod.  200-400 
ksl 

TS  5-6.2  ksl 
E  6-60% 
Mod.  230-350 
ksl 


TS  8.5-19  ksl 
E  2.5-3% 
Mod.  600- 
1000  ksl 


Mod.  240-370 
ksl 


CS  7-9  ksl 
Mod.  170-200 
ksl 


CS  12-22  ksl 
Mod  130-180 
ksl 


Moldable 
(IM,  CM,  EX) 
Mach. 


Moldable 
(CM,  IM) 
Mach. 


100  ralg  74  D  RT 
1. 05%  weight 
gain 

Fresh  water 


Good  - 
0.2-1. 7% 
24  hrs. 
122  F 
2000  psl 


OK.  Modified 
epoxy  adhesive 
and  solvent 
based  cements 


OK  as  abov» 


0.2r0.45% 


0. 18-0.4% 


t3-15 

TS  5-60  ksl 

E  - 

Mod.  600- 
2200  ksl 

CS  20-65  ksl 
Mod.  - 

Moldable 
(CM,  IM,  EX) 
Mach. 

Good 

OK  neoprene, 
epoxy  adhesive 

p-0.36 

l 

TP  7-8  ksl 

E  1-1.5% 

Mod.  750- 
1000  ksl 

CS  10-30  ksl 
Mod.  - 

Moldable 
(CM,  IM) 

Mach. 

Good 

OK.  Epoxy, 
rubber  and 
urethane 
adhesives 

KL  27-18 

TS  5-18  k3l 

E  0.13-0.5% 
Mod.  2500- 
3300  ksl 

CS  20-30  kel 
Mod.  - 

Moldable 
(CM,  IM) 

Mach. 

1.82-3.77% 

Sea  water  Pacific 
2500  pslg  24  mos. 

Good 

As  above 

1. 5-2.0 

TS  9.6-18  ksl 

E  4-80%- 
Mod.  380- 
1330  ksl 

CS  16.5-19.8 

Iral 

Mod.  370- 
1300  ksl 

Moldable 
(IM,  CM) 

Mach. 

Good 

As  above 

1.2-17.5 

i 

TS  6.5-25  ksl 

E  0.8-150% 
Mod.  350-1700 
ksl 

CS  12,5-21  ksl 
Mod.  345-1500 
ksl 

Moldable 
(CM,  IM,  EX) 
Mach. 

0. 33%  Pacific  sea 
water,  24  mos. 

2500  pslg 

Good 

OK.  Polyester, 
epoxy,  and 
urethane  cements 

0. 1-0.2% 


0. 10-1.5 


0.06-0.1 


3-4x10- 
gm/cm/ 
In2/  Cn 
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Table  5 

•5.  Nominal  Physical  Properties  for 

Some  Generic  Types  of  Plastics 

Intended  For  Electrical  Use  In 

Deep  Ocean  Environment 

AL 

Y 

BOND  ABILITY  TO 
ELASTOMER 

WATER7 

ABSORPTION 

OR  PERMEABILITY 

USEFUL 

CONTINUOUS 

TEMPERATURE 

DIELECTRIC8 

STRENGTH 

REMARKS 

£ 

>* 

i. 

Difficult. 

0.22-0.29%  „ 

'ii;  F  max. 

500V/mll 

Nominal  properties  for  acetal  bomo- 

Special  surface 

1.9-3gm/100lnf/ 

polymer-  copolyer  and  glass  filled 

preparation. 

24  hrs/mll 

plastics.  Good  electrical  properties, 

ft 

Chemlok  220, 

abrasion  resistance  and  dimensional 

► 

EC  711, 

stability  over  a  wide  temperature 

Narmco  3135A 

range.  Not  easily  bonded.  Mechanical 

i 

etc.  , 

methods  probably  best  . 

i% 

OK,  nat.  rubber, 

0.3-0. 4% 

200  F  max. 

400-550 

Cast  and  molded  methyl  methacrylate. 

S’ 

urethane, 

V/mll 

Excellent  outdoor  weathering  and 

l 

7 

acrylics,  epoxy 

dimensional  stability,  Easily 

scratched. 

s 

■j 

As  above 

0.2-0. 4% 

160-185  F 

400-500 

Impact  grade  acrylics. 

s 

max. 

V/mll 

p 


s. 

•? 

;  OK.  .Modified  0.2-0.45% 

|  epoxy  adhesive 

I  and  solvent 

■,  based  cements 


160-210  F  350-550 

max.  V/mil 


High  impact  grade.  Tough-good 
impact  and  structural  properties.  Can 
be  electro  plated  which  might  be  helpful 
in  controlling  water  permeative. 


OK  as  above  0. 18-0. 4% 


200-230  F 


20-40%  glass  filled  grades. 


i 

t 

i  OK  neoprene,  0.12-0.35% 

j;  epoxy  adhesive 


300-450  F  390-450 

max.  V/mll 


Nominal  properties  for  filled  (glass, 
syn.  fiber  and  mineral)  compounds. 
High  moisture,  electrical  and 
chemical  resistance. 


OK.  Epoxy,  0. 1-0.2% 

rubber  and 

urethane 

adhesives 

As  above  0.10-1.2% 


240-280  F  300-400 

V/mil 


250-550  F  140-400 

V/mll 


Nominal  properties  for  unfilled 
phenol-formaldehyde  resin.  Good 
dimensional  stability  and  electrical 
properties. 

Nominal  properties  for  mica  and 
glass  fiber  filled  phenollcs  and 
melamine. 


m 


As  above 


OK.  Polyester, 
epoxy,  and 
urethane  cements 


0.06-0.07% 


0.07-0.35% 
3-4x10-8 
gm/cm/hr/ 
in2/  Cm  Hg 


-275  to 
'375  F 


400-1050  Nominal  properties  for  unfilled  and 

V/mil  filled  (20-30%  glass)  polyphenylene 

oxide  sutd  modified  phenylene  oxide. 


220-300  F  350-500 

V/MIL 


Nominal  properties  for  unfilled  and 
filled  (10-40%  glass)  and  ABS 
polycarbonate  plastics. 


MATERIAL 

HARDNESS1 

IMPACT2 

TENSILE3 

PROPERTIES 

COMPRESSIVE4 
PROPERTIES  1 

Polyester 

plastics 

M  94-70 
Bare  1 

0.8-22 

TS  8-20  ksi 

E  5-300% 

Mod. 

CS  15-30  ksi 

Mod.  - 

Polypropylene 

plastics 

R  30-100 

0.5-15 

l. 

S  2.9-9  ksi 

E  3-700% 

Mod.  100- 
900  ksi 

CS  3-8  ksi 

Mod.  150- 
300  ksi 

Polysulfone 

plastic 

R  120 

M  69 

1.3 

TYS  10  ksi 

E  50-100% 
Mod  360  ksi 

CYS  14  ksi 

Mod.  340-370 
ksi 

Nylon  plastic 

M  94 

E  75 

1.2-6 

TS  13-35  ksi 

E  1-10% 

Mod.  50-180 
ksi 

CS  13-24  ksi 

Mod.  - 

Epoxy  plastics 

M  55-120 

0.2-30 

TS  2-30  ksi 

E  1-70% 

Mod  1-3040 
ksi 

CS  1-40  ksi 

Mod.  - 

1.  Rockwell  hardnesses  per  ASTM  1^785  unless  otherwise  noted. 

2.  Izod  impact  in  ft. -lbs/inch  of  notch  per  ASTM  D256. 

3.  Tensile  properties  -  ASTM  D638  at  73  F 

4.  Compression  properties  -  ASTM  D695  at  73  F 

5.  C --castable,  CM=compression  moldaftle,  IM=injection  moldable,  EX=extruda 
machinable 

6.  Coefficient  of  linear  thermal  (-22  F  to  *86  F)  expansion  per  ASTM  D696.  T 
an  indication  of  dimensional  stability  (thermal). 

7.  Water  absorption  (%)  per  ASTM  D570.  24  hrs,  73  F.  Water  permeability  da 
•  available.  See  App.  F  of  Reference  (a). 

6.  Dielectric  strength  per  ASTM  D149.  Short  time  method.  Volts/mll 

Tabular  data  were  obtained  from  Modern  Plastics  Encyclopedia  1968-69,  Mate 
Issue  and  Manufacturers'  data. 


1  3 
;  TENSILE  J 

'  PROPERTIES 

COMPRESSIVE4 

PROPERTIES 

FORMABILTTY5 

WATER  ABSORPTION 
AT  PRESSURE 

DIMENSIONAL 

STABILITY 

BOND  ABILITY  TO 
ELASTOMER 

WATER* 
ABSORPTIOl 
OR  ^ERMEABU 

\  TS  8-20  ksi 
\  E  5-300% 

|  Mod. 

r 

* 

CS  15-30  ksi 

Mod.  - 

Moldable 
(C,  CM,  IM) 
Mach. 

Fair  to  Good 
depending  upon 
system 

OK.  Epoxy,  rub¬ 
ber  and  urethane 
cements 

0. 02-0. 15% 

1  S  2.9-9  ksi 

1  E  3-700% 
jj  Mod.  100- 
i  900  ksi 

CS  3-8  ksi 

Mod.  150- 
300  ksi 

Moldable 
(CM,  IM) 

Mach. 

— 

Good 

Difficult.  Special 
surface  treatment. 
Epoxy  or  rubber- 
phenolic  cements. 

0. 01-0. 10% 

1.4  gmp/cm/ 
in2  sec/cm 

Hg 

K 

*  TYSlOksl 

5.  E  50-100% 
f  Mod  360  ksi 

CYS  14  ksi 

Mod.  340-370 
ksi 

Moldable 
(C,  CM,  IM) 
Mash. 

— 

Good 

— 

0.22% 

£ 

l  TS  13-35  ksi 
'  E  1-10% 

Mod.  50-180 
l  ksi 

l 

CS  13-24  ksi 

Mod.  - 

Moldable 

(IM) 

Mach. 

0.2-2.0  24  hr 

Fresh  water 

Fair  to  poor 
depending 
upon  water 
absorption 

Difficult.  Neo¬ 
prene  and 
nitrile  cement 

0.2-2% 

1  TS  2-30  ksi 
*  E  1-70% 
i  Mod  1-3040 
>  ksi 

CS  1-40  ksi 

Mod.  - 

Cast,  Moldable 
(CM,  IM) 

Mach. 

1.3% 

(filament  wound) 

111  DA45 

2500  psi  sea  water 

Fail'  to  good 
depending  upon 
type  epoxy  sys¬ 
tem. 

OK.  Pheiiollc- 
neoprenc,  epoxy 
phenolic-nitrile 
and  neoprene 
cements 

0.04-0.27% 

*■ 

c. 

Bless  otherwise  noted. 

j'ASTM  D256. 

i 

;F 

id  73  K 

a 

!,  IM=injection  moldable,  EX=extrudable,  and  Mach.  = 

+86  F)  expansion  per  ASTM  D696.  This  is  given  as 
termal). 

E4  hrs,  73  F.  Water  permeability  data  not  readily 

fort  time  method.  Volts/mil 

(Plastics  Encyclopedia  1968-69,  Materials  Select. 


Table  5-5.  (Cont’d) 


ll 

k 

AL 

y 

BOND  ABILITY  TO 
ELASTOMER 

WATER7 

ABSORPTION 

OR  PERMEABILITY 

USEFUL 

CONTINUOUS 

TEMPERATURE 

dielectric8 

STRENGTH 

REMARKS 

A 

pon 

f 

OK.  Epoxy,  rub¬ 
ber  and  urethane 
cements 

0.02-0. 15% 

250  F 

350-400 

V/mll 

' '  'ilnal  properties  for  unfilled,  glass 
•  icd  (17%)  and  molded  sheet  poly¬ 
esters.  Properties  vary  widely  with 
formulation.  Generally  used  with 
reinforcing  fibers. 

s* 

Difficult.  Special 

0.01-0. 10% 

320  F 

450-660 

Nominal  properties  for  unmodified, 

;; 

?, 

1 

£ 

surface  treatment. 
Epoxy  or  rubber- 
phenolic  cements. 

1.4  gms/cm/ 
in2  sec/cm 

Hg 

V/mil 

inert  filled,  glass  reinforced,  rubber 
modified  and  copolymer  polypropylenes. 
Can  be  electroplated,  which  might 
improve  other  properties. 

1 

0.22% 

-150 

340  F 

425  V/mil 

Nominal  properties.  Can  be  electro¬ 
plated,  which  might  improve  other 
properties  such  as  permeability, 
scratch  resistance,  etc. 

jar 

r 

i 

V 

Difficult.  Neo¬ 
prene  and 
nitrile  cement 

0.2-2% 

400  F  max. 

400^500 

V/mil 

Nominal  properties  for  type  6/10 
nylon  20-40%  glass  filled.  Water 
absorption  and  dimensional  stability 
will  depend  upon  amount  of  filler. 

pd 

upon 

rsys- 

S 

\ 

OK.  Phenolic- 
neoprene,  epoxy 
phenolic-nitrile 
and  neoprene 
cements 

0.04-0.27% 

400  F  max. 

235-550 

V/mil 

Nominal  properties  for  cast,  molded, 
filled,  and  flexibilized,  filled 
and  unfilled  epoxy  resins. 

(3)  Data  based  upon  Poisson's  ratios  of  0.37,  0.38,  and  »0. 30  and  tensile  moduli  of  345,370  and  1000  ksi,  respectively 
for  polycarbonate,  polyphenylene  oxide  and  phenolic.  Personal  communications,  GE,  Pittsfield,  Mass. 
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(3)  Data  based  upon  Poisson's  ratios  of  0.37,  0.38,  and  »0.30  and  tensile  moduli  of  345,370  and  1000  ksi,  respectively 
for  polycarbonate,  polyphenylene  oxide  and  phenolic.  Personal  communications,  GE,  Pittsfield,  Mass. 
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RELIABILITY  AND  QUALITY  CONTROL  CONSIDERATIONS 
6.1  INTRODUCTION 

The  following  definitions  apply  to  this  section  of  the  Handbook: 

RELIABILITY  of  an  item  of  equipment  is  the  probability  that  the  equipment  will  operate  satis¬ 
factorily  for  at  least  a  given  interval  of  time  (or  number  of  cycles)  when  used  under  specified 
operating  conditions  and  maintenance  programs. 

MAINTAINABILITY  is  the  probability  that  a  failed  item  of  equipment  will  be  restored  to  operating 
conditions  in  not  more  than  a  specified  interval  of  down  time  when  maintenance  and  administrative 
conditions  are  stated. 

QUALITY  CONTROL  is  the  set  of  disciplines  and  techniques  which  ensures  that  the  manufacturered 
item  conforms  to  the  design  specifications. 

The  most  urgent  problem  associated  with  the  failure  of  components  subjected  to  deep  submergence 
pressures  on  vehicles  has  been  the  control  of  quality  (see  reference  1).  This  control  of  quality 
has  been  absent  during  one  or  all  of  the  various  stages  of  manufacture,  assembly,  test,  handling, 
shipping,  and  installation.  Certainly  poor  component  design  has  been  responsible  for  many  system 
failures  in  past  years;  however,  many  failures  have  been  rightfully  attributed  to  inadequate  man¬ 
ufacturing  and  installation  quality  control.  The  following  paragraphs  in  this  section  are  addressed 
to  quality  control  and  reliability  considerations  in  connector  and  penetrator  design. 

The  following  is  a  listing  of  problem  areas  that  have  been  identified  in  past  years  as  failure  modes 
for  connectors,  harnesses  and  penetrators: 

a.  Inadequate  bond  of  the  molded  connector  boot  to  the  cable. 

b.  Inadequate  bond  of  the  molded  connector  boot  to  the  connector  shell. 

c.  Voids  in  the  mold  boot  of  the  connector. 

d.  Damaged  cable  jackets  in  the  mold  cable  clamp  area,  especially  in  neoprene  molded  boots 
where  the  cable  is  held  in  the  mold. 

e.  Cold  soldered  joints  at  the  conductor-to-socket  connection. 

i.  Damaged  springs  in  the  socket  contacts. 

g.  Damaged  coupling  ring  or  receptacle  threads. 

h.  Improper  mating  of  the  plug  to  the  receptacle,  thus  not  allowing  the  proper  interface  seal 
to  be  made. 

i.  Chipped  or  cracked  contact  insulator  materials. 

j.  Bent  pin  contacts. 

k.  Porous  or  cracked  receptacle-to-component  weld. 
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1.  Damaged  or  scratched  O-ring  seal  surfaces. 

m.  IXimaged  or  Improperly  molded  O-rings. 

n.  Improperly  positioned  or  sized  polarizing  key. 

o.  Over  sized  (too  thick)  pin  contact  gasket. 

p.  Improperly  bonded  pin  contact  gasket. 

q.  Conductor  fatigue  failure  inside  the  connector. 

r.  Conductor  kinking  and  breaking  in  the  cable  liarness. 

s.  CXit-of-spec  plug  and  receptacle  dimensions. 

t.  Conductor  breakage  due  to  high  impact  loads  on  the  cable  or  a  sharp  cable  bend  radius. 

u.  Short  circuit  due  to  foreign  materials  at  the  plug-to-receptacle  interface. 

v.  Swelling  of  seal  and  gasket  materials  due  to  the  use  of  improper  cleaning  solvents. 

w.  Dielectric  withstanding  voltage  breakdown  of  contact  insulations. 

x.  Short  circuits  at  the  conductor-to-connector  termination  due  to  foreign  materials  in  potting 
compounds. 

y.  Loss  of  plug-to-receptacle  seals  due  to  foreign  particles  on  the  seal  surfaces. 

z.  Conductor  breakage  due  to  axial  tensile  loads  on  the  harness. 

aa.  Dislodged  keys  in  the  receptacles  resulting  in  loss  of  polarization. 

ab.  Inadequate  spacing  between  conductor  terminations  (movement  during  molding  operation) 

in  plug  or  receptacle  which  leads  to  electrical  failure  when  cable  seal  is  flexed  or  subjected 
to  sea  pressure. 

ac.  Relaxation  of  the  springs  on  the  socket  contacts  with  use  to  the  point  where  contact  surface 
becomes  critical  and  leads  to  eventual  electrical  burn-out. 

ad.  Electrical  failure  resulting  from  flooding  into  conductor  termination  area  when  female 
portion  is  exposed  to  sea  pressure  as  a  result  of  no  protection  with  pressure  proof  covers. 

ae.  Corrosion  of  contact  surfaces  resulting  in  a  critical  potential  drop  across  the  contact 
surfaces,  resulting  in  eventual  burn-out. 

af.  Failures  resulting  from  general  lack  of  quality  control  during  manufacture  which  were 
undetected  due  to  inadequate  testing  and  inspection  following  fabrication. 

ag.  Electrical  degradation  of  connectors  resulting  from  stress  cracks  developing  in  plastic 
bodied  connectors  during  manufacture  or  in  service. 

ah.  Lack  of  adequate  plug-receptacle  polarization  in  basic  connector  design  which  leads  to  pin- 
socket  contact  damage  and  eventual  failure  of  the  connector. 

ai.  failure  of  threads  in  plastic  bodied  connectors  due  to  in-service  handling. 

aj.  Plastic  plug  coupling  ring  failure  due  to  impact  forces  in  service  handling. 

ak.  Excessive  molding  flash  in  rubber  connectors  in  the  plug-to-receptacle  seal  areas  resulting 
in  seal  failure. 

al.  Variation  in  durometer  hardness  and/or  fit  between  molded  rubber  plug  and  receptacles, 
resulting  in  seal  failure. 

am.  Seal  failure  of  all  molded  rubber  connectors  following  mating  and  unmating  in  arctic 
conditions. 


6-2 


an.  Pin  contact  damage  at  installation  or  in  service  due  to  inadequate  protection  provided  by  the 
receptacle  shell. 

ao.  Socket  contacts  improperly  positioned  in  plug  insulator,  preventing  proper  electrical 
contact  with  the  pin  contact. 

ap.  Wear  through  of  the  cable  jacket  due  to  improper  support  on  the  vehicle  resulting  in  flooding 
of  the  harness. 

aq.  Improper  crimping  of  the  contact  to  the  conductor  resulting  in  an  eventual  open  circuit. 

ar.  Improper  termination  of  braided  shields  resulting  in  braid  ends  piercing  conductor  insulation. 

as.  Plug-to-receptacle  seal  failure  due  to  use  of  improperly  sized  O-rings. 

6.2  METHODS  FOR  CONTROL  OF  QUALITY 

The  control  of  quality  (assuming  a  properly  designed  component  is  to  be  manufactured  and  installed) 
can  be  invoked  in  the  following  manner: 

a.  Control  and  identification,  stocking,  issuance  of  all  material  received  in  plant  as  well  as 
verification  of  all  material  received. 

b.  Provide  and  maintain  a  description  of  procedures  for  control  of  quality. 

c.  Maintain  a  procedure  to  assure  that  the  latest  applicable  drawing*  technical  requirement 
and  contract  change  information  will  be  available  at  the  time  of  inspection. 

d.  Maintain  calibrated  gages  and  other  measuring  and  testing  devices  necessary  to  assure  that 
components  conform  to  specification  requirements. 

e.  Establish  and  maintain  inspection  at  appropriately  located  points  in  the  manufacturing  process 
to  assure  continuous  control  of  quality. 

f.  Establish  and  maintain  packaging  devices  for  properly  handling  and  adequately  protecting  the 
components  in-plant. 

g.  Inspect  and  test  the  completed  components. 

h.  Establish  and  maintain  a  system  for  identifying,  serializing  and  certifying  completed 
components. 

i.  Provide  adequate  procedures  and  instruction  for  control  of  stored  supplies  and  finished 
components. 

j.  Provide  procedures  for  protecting  components  during  transit. 

k.  Maintain  adequate  quality  control  records  throughout  all  stages  of  contact  performance  of 
inspections  and  tests  including  checks  to  assure  accuracy  of  inspection  and  testing  equip¬ 
ment  and  other  control  media. 

l.  Establish  and  maintain  a  failure  reporting  and  analysis  program. 

m.  Establish  quality  control  procedures  for  installation  and  maintenance  of  components. 

n.  Ensure  that  people  working  the  job  are  familiar  with  procedures  and  control  and  have 
manuals  available  for  reference. 

The  above  quality  control  requirements  MUST  be  written  into  the  documents  which  provide  for  the 
fabrication  and  installation  of  the  subject  connector,  cables,  harnesses,  and  penetrators.  The 
following  documents  are  required  to  assure  quality: 


a.  Cable  specification 

b.  Connector  specification 

c.  Penetrator  specification 

d.  Harness  specification 

e.  Harness  wiring  and  molding  manual 

f.  Harness  and  penetrator  installation  and  maintenance  manual 

With  close  adherence  to  the  above  procedures,  quality  can  be  controlled  and  assured  in  connectors, 
harnesses,  and  penetrators. 

Design  verification  tests  for  DSV  electrical  connectors  and  penetrators  are  required  to  ascertain 
that  the  newly  developed  component  hardware  will  meet  the  physical,  environmental  and  elec¬ 
trical  requirements  imposed  by  service  conditions.  It  would  be  most  desirable  to  conduct  all  of 
these  component  tests  under  actual  environmental  conditions  and  in  a  given  operational  sequence 
time  frame.  For  obvious  reasons,  this  is  not  practical.  As  a  result,  alternate  test  methods  have 
been  devised  over  the  years  which  include  the  use  of  sequential  testing  techniques.  These  tech¬ 
niques  which  relate  to  the  particular  service  environment  are  widely  used  to  verify  and  qualify 
new  connector  designs. 

In  the  sequence  method  of  testing,  the  component  is  initially  examined  to  be  sure  that  it  was 
manufactured  in  accordance  with  the  assembly  and  detail  drawings.  This  initial  product  exami¬ 
nation  allows  the  technician  to  verify  that  component  deterioration  or  failure  (mechanical  or 
electrical)  if  any,  which  occurs  during  the  test  program  is  a  result  of  the  test  program  and  not 
an  initial  component  condition.  For  these  reasons,  insulation  resistance,  withstanding  voltage, 
and  contact  resistance  determinations  are  made  at  the  outset  of  the  test  program.  These  tests 
are  normally  repeated  at  the  conclusion  of  the  program  to  note  changes  that  may  have  occurred 
as  a  result  of  the  mechanical,  and  environmental  tests  conducted  during  the  test  sequence. 

The  insulation  resistance  test  is  conducted  to  determine  quantitatively  the  condition  of  each  contact 
seal  or  insulator  prior  to  exposure  to  other  types  of  tests,  and  is  used  as  a  means  of  detecting  any 
subsequent  electrical  deterioration  resulting  from  these  other  tests.  A  minimum  insulation  re¬ 
sistance  of  5000  megohms  should  be  maintained  through  out  the  test  schedule.  This  allows  some 
margin  for  deterioration  after  installation  in  the  actual  operating  environment,  5000  megohms  is 
specified  in  the  DSV  test  procedure. 

The  dielectric  withstanding  voltage  test  is  also  specified  at  the  beginning  of  the  test  sequence  to 
ascertain  that  the  insulating  component  has  been  properly  fabricated.  The  test  is  repeated  after 
all  physic&i  testing  has  been  completed.  The  reason  being,  to  detect  any  insulator  flaw  that  could 
develop  as  a  result  of  physical  testing.  For  these  designs,  a  test  voltage  in  excess  of  three  times 
the  service  voltage  rating  is  recommended.  For  instance,  a  1, 000  volt  (ac-rmp)  is  -’sed  for  the 
300  volt  connectors,  and  a  1,900  test  voltage  is  recommended  for  the  600  volt  service-rated 
power  type  connectors. 
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The  contact  resistance  test  is  conducted  to  provide  the  systems  engineer  vuth  detailed  performance 
data  on  the  c  mnectors  being  tested.  This  gives  the  engineer  an  accurate  indication  of  the  voltage 
drop  incurred  across  the  mating  pin  and  socket  contacts.  Also,  the  contact  resistance  lest  is 
normally  run  at  the  termination  of  any  test  sequence  that  includes  exposure  of  the  contacts  to  an 
environment  that  could  result  in  significant  oxidation.  This  would  include  salt  spray  and  long¬ 
term  .open  face  salt  water  hydrostatic  tests. 

A  connector  durability  test,  which  involves  mating  arct  unmating  counterpart  connectors  a  number 
of  times,  serves  as  a  conditioning  test  prior  to  performing  1..0  physical  and  environmental  test 
sequences.  The  test  also  checks  the  adequacy  of  the  coupling  mechanism  in  withstanding  the 
mating  cycles  it  will  see  during  its  service  life.  Component  wear  and  galling  characteristics  of 
the  threads  can  be  checked  during  this  test.  The  durability  test  recommended  for  deep  submergence 
connectors  is  100  mating  cycles. 

When  the  components  liave  been  visually  examined,  electrically  checked  and  conditioned,  they  are 
subjected  to  simulated  service  environment  tests,  including  hydrostatic  pressure  (static),  thermal 
shock,  vibration,  high  impact  shock,  and  hydrostatic  pressure  cycling. 

A  hydrostatic  pressure  test  is  recommended  to  check  the  effectiveness  of  the  seals  at  the: 

a.  Plug-receptacle 

b.  Receptacle-component,  and 

c.  Cable-connector  interface 

The  connector  and  penetrator  envelopes  are  also  checked  for  their  ability  to  withstand  the  hydro¬ 
static  pressures.  Unless  the  components  are  pressure  compensated  designs,  the  connectors  and 
penetrators  can  be  classified  as  pressure  vessels  and  should  be  externally  hydrostatically  pressure 
tested  to  verify  design  calculations.  The  test  pressure  increments  selected  for  a  static  test  should 
simulate  the  entire  range  of  operating  depths  with  u  maximum  test  pressure  of  one  and  one-half 
times  the  pressure  at  maximum  operating  depth.  The  1. 5  pressure  factor  provides  a  reasonable 
safety  factor  for  meaningful  proof  testing.  A  sufficient  number  of  pressure  increments  should  be 
employed  between  minimum  and  maximum  pressur  _  to  ensure  safety  and  provide  specific  data  in 
case  of  failure.  It  is  particularly  important  that  the  component  be  cycled  several  times  from  0  psi 
to  a  minimum  pressure  to  confirm  seal  function.  This  is  particularly  true  for  pressure  actuated 
gaskets  such  as  O-rings.  This  demonstrates  that  minute  leakage  will  not  occur  as  the  gasket  moves 
into  optimum  sealing  position.  The  hold  time  at  pressure  for  each  increment  should  be  sufficient 
for  the  gas<et  to  reach  an  equilibrium  condition;  five  minutes  is  normally  adequate.  Maximum 
pressure  should  be  held  for  24  hours  in  order  to  ensure  tha*  the  test  item  is  completely  leakproof. 

The  purpose  of  a  hydrostatic  pressure  cyling  test  is  to  simulate  an  operational  pressure  profile 
over  an  extended  period  of  time.  Ideally,  the  rate  of  pressure  buildup  and  pressure  decay  in  each 
cycle  should  approximate  operational  rates.  Lack  of  test  equipment  to  accomplish  this  plus  the 
unreali  tic  time  that  would  be  required  for  the  recommended  2000  cycles  preclude  this  approach. 
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As  a  result,  the  principal  requirement  is  a  pressure  change  rate  that  will  not  lie  so  rapid  as  to 

l 

create  unrealistic  shock  stresses  on  the  equipment  being  tested.  Equipment  being  tested  should 
be  electrically  energized  so  that  continuity  can  be  continuously  monitored  throughout  the  test  at 
the  various  levels  of  pressure.  In  this  way,  time  of  failure  can  be  pinpointed.  High  and  low 
pressure  hold  times  must  be  sufficient  for  the  sealing  gasket  to  reach  an  equilibrium  condition. 
Periodically  (every  50  -  100  cycles)  the  pressure  should  be  held  at  the  high  and  low  levels  to 
allow  for  complete  recovery  of  electrical  conductors  to  a  steady  state  relative  position.  At  this 
time,  the  equipment  under  test  should  be  de-energized  and  a  continuity  and  insulation  resistance 
test  made.  This  will  show  up  any  malfunction  caused  by  the  cycling  pressure  up  to  tiiat  time. 

Thermal  shock  tests  are  conducted  next  to  assure  that  the  materials  of  construction  can  with¬ 
stand  the  thermal  shock  conditions  that  the  components  may  see  in  service.  Service  thermal 
shock  could  include  arctic  surface  conditions  (to  -65  F)  to  water  temperatures  of  30  F.  The  high 
temperature  cannot  be  considered  extreme  or  pose  material  problems.  However,  the  low  tem¬ 
perature  can  and  does  pose  material  problems.  Elastomeric  materials  must  remain  flexible 
under  these  conditions.  Cable  and  cable  boot  materials  must  not  crack  when  flexed,  and  O-rings 
must  maintain  their  inherent  squeeze  capauility.  The  thermal  shock  test  can  be  most  important 
when  consider eing  the  use  of  all  plastic  or  all  elastomeric  type  construction  connectors. 

Vibration  on  DSVs  is  not  considered  severe.  Possibly  the  greatest  vibrational  forces  acting  on 
a  vehicle  are  during  air  or  surface  transportation  conditions.  Nevertheless,  vibration  is  a  fact 
of  life  on  DSVs  and  therefore  must  be  tested  to  assure  the  uninterrupted  operation  of  the  elec¬ 
trical  circuitry.  Also,  the  vibration  test  checks  the  ability  of  all  fasteners  to  remain  locked  in 
their  desired  position  during  the  test.  The  components  are  checked  for  interruption  of  circuitry 
in  excess  of  10  milliseconds  during  the  test.  Also,  the  component  is  visually  examined  following 
the  test  for  broken  or  loose  parts. 

High-impact  shock  tests  are  conducted  to  determine  the  ability  of  the  components  to  withstand 
shock  of  the  same  severity  as  that  produced  by  collision  impacts.  Their  collision  impact  could 
occur  during  transportation  or  handling  of  the  vehicle  or  during  service  operations.  In  this  test, 
we  are  interested  in  maintaining  the  uninterrupted  electrical  circuitry  during  high  impact  shock. 
Also,  the  physical  integrity  of.'  the  penetrator  and  connector  must  be  maintained.  The  components 
must  remain  intact  and  in  place  in  an  undamaged  condition  as  a  result  of  the  specified  impact 
shock. 

In  addition  to  the  sequential  test  schedule  Uiat  has  been  described,  a  series  of  isolated  area  design 
verification  tests  is  highly  desirable.  These  additional  measurements  and  determinations  complete 
the  verification  of  the  design.  These  would  include  the  following  supplementary  tests  and  measure¬ 
ments: 

A  connector  current  rating  determination  is  most  useful  to  the  system  designer.  This  rating  must 
be  extablished  using  a  specific  set  of  environmental  condititions  and  related  to  a  specific  cable 
and  terminating  technique  to  be  meaningful.  The  determining  criteria  for  this  measurement  would 
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be  a  temperature  rise  consistent  with  good  material  and  system  performance.  Where  identical 
installation  conditions  do  not  apply,  the  system  designer  would  at  least  have  some  basis  to  which 
he  cuuld  relate  his  particular  requirement. 

Current  rating  established  in  this  manner  for  a  connector  must  be  adjusted  downward  where  the 
particular  application  requires  increased  conductor  bundling;  packaging  causes  a  higher  steady 
state  temperature  within  the  connector,  or  the  ambient  operating  temperature  is  expected  to  b° 
significantly  higher  than  the  temperature  standard  under  which  it  was  originally  rated. 

It  is  recommended  that  contact  resistance  measurements  be  taken  after  long-term  exposure  of 
the  contacts  to  ordinary  shelf  life  environment,  and  exposure  to  salt  water  for  a  length  of  time 
that  they  would  reasonably  be  exposed  in  application.  This  procedure  will  determine  the  adequacy 
of  contact  plating  or,  in  the  case  of  materials  such  as  molybdenum,  if  plating  is  required. 

Individual  gasket  seal  tests  are  recommended  where  a  series  of  seals  exist  as  part  of  a  primary 
and  secondary  sea  water  pressure  barrier  or  one  is  redundant  to  the  other.  This  is  essential  to 
prove  that  the  redundant  seal  or  seals  are  functional  and  properly  designed. 

The  design  contour  of  the  cable-to-plug  seal  should  be  verified  by  multiple  flexing  over  a  minimum 
bend  radius  mandrel. 

This  will  verify  molding  procedures  (seal),  adequacy  of  the  cable  strain  relief,  and  effect  on  the 
conductor  termination  within  the  plug. 

Strain  gage  measurements  taken  in  the  area  of  conductor  termination  within  the  molded  plug  to 
cable  seal  during  life  test  hydrostatic  pressure  cycling  can  be  used  to  detect  damaging  conductor 
displacement. 

Fault  current  tests  should  be  run  on  mated  connectors  and  hull  penetrators  to  determine  if  system 
pressure  integrity  could  be  affected  by  forces  generated  by  a  fault  current  of  a  time  duration  that 
could  be  anticipated  with  normal  system  current  limiting  or  fusing  devices.  The  test  fault  current 
is  selected  on  the  basis  of  potential  current  available  from  the  as-installed  system  power  source 
reduced  by  the  total  impedance  in  the  circuitry.  Elevated  temperature  associated  with  a  fault 
current  should  not  affect  the  operational  qualities  of  materials  used  in  fabricating  the  component. 

Plug  coupling  nut  torque  requirements  should  be  made  for  each  thread  size.  This  will  ensure  that 
O-ring  seals  are  properly  compressed  without  over  stressing  the  threads,  resulting  in  the  asso¬ 
ciated  problems  of  galling. 

6. 3  PENETRATOR  CERTIFICATION  DATA 

Unquestionably,  one  of  the  most  important  design  elements  of  Deep  Submersible  Vehicles  are  hull 
penetrators.  These  include  viewports,  personnel  hatches,  hydraulic  and  pneumatic  piping  pene¬ 
trators  and  electrical  penetrators. 

As  defined  in  reference  2,  certification  is  "the  procedure  including  application,  review,  survey 
and  approval  of  a  submersible".  With  regard  to  electrical  hull  penetrators,  we  are  co.ice-';  ‘‘d  with 
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the  penetrator  design  and  material  certification  of  these  components  prior  to  their  use  on  sub- 
mersibles.  At  present,  at  least  fair  documents  have  been  propped  to  provide  guidel.  <ies  for  the 
design  and  certification  of  submersibles.  Tiiese  are  noted  in  references  2  tlirougli  5. 

These  manuals  liave  been  written  in  the  past  three  years  to  provide  guidelines  for  overall  vehicle 
design.  In  the  area  of  electrical  penetrator  design  and  certification,  these  guidelines  should  be 
updated  to  include  the  items  noted  in  table  G-l.  The  following  is  a  discussion  of  the  items  noted 
in  table  6-1. 

Table  6-1.  Recommended  Certification  Requirements  for  Electrical  Hull  Penetrators  for 
Submersibles 

a.  Design  requirements  and  guidelines 

b.  Pbilure  modes  and  effects  analysis 

c.  Design  calculations 

d.  Materials  selection  evaluation 

e.  Assembly  and  detail  drawings  -  penetrator  and  hull  insert 

f.  Qualification  test  procedures 

g.  Production  test  procedures 

h.  Handling  procedures 

i.  Installation  procedures 

j.  Maintenance  procedures 

k.  Penetrator  material  verifications 

l.  Penetrator  seal  material  verification 

m.  Penetrator  installation  v*  rification 

n.  Penetrator  production  test  data  verification 

o.  Periodic  penetrator  inspection  review 

The  following  breakdown  describes  the  certification  requirements  for  electrical  hull  penetrators 
in  detail. 

6. 3. 1  Certification  Design  Requirements  for  Electrical  Hull  Penetrators  should  include  the 
following: 

a.  Vehicle  operating  depth 

b.  Vehicle  test  pressure 

c.  Electrical  hull  penetrator  test  pressure 

d.  Vibration 

e.  Physical  shock 

f.  Amperage 

g.  Voltage 

h.  Frequency 

i.  Temperature 

j.  Vehicle  hull  and  insert  materials 

k.  Hull  penetrator  space  limitations 
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6. 3. 1. 1  Design  guidelines  for  penetrators  should  include  the  following: 

a.  Electrical  conductors  passing  through  the  pressure  hull  should  be  provided  with  primary 
and  secondary  conductor  seals. 

b.  The  penetrator  should  be  sealed  to  the  pressure  hull  or  insert  with  primary  and  secondary 
seals. 

c.  All  openings  (penetrators)  into  the  penetrator  body  such  as  covers  or  receptacles,  should 
be  fitted  with  primary  and  secondary  seals. 

d.  Penetrators  must  be  fabricated  from  acceptable  corrosion  resistant  materials  and  must  be 
compatible  with  pressure  hull  and  insei't  materials. 

e.  The  electrical/electronic  systems  which  use  electrical  penetrators  must  provide  fault 
current  protection  to  the  penetrators. 

f.  An  electrical/electronic  circuit  check  or  test  point  should  be  located  directly  inboard  of 
the  electrical  hull  penetrator. 

g.  The  penetrator  must  be  capable  of  withstanding  2000  hydrostatic  pressure  test  cycles  at  the 
penetrator  operating  depths. 

6. 3.1.2  A  failure  mode  and  effects  analysis  (FMEA)  should  be  provided  for  the  penetrator  as 
part  of  the  certification  package.  The  FMEA  whic..  has  been  prepared  in  this  section  of  the  Hand¬ 
book  will  provide  an  adequate  guideline  for  penetrators  of  the  future,  regardless  of  the  varied 
designs  which  may  be  used  in  future  years. 

6. 3. 1. 3  Detail  design  calculations  as  a  result  of  hydrostatic  treasure  loading  must  be  provided 
with  each  certification  package.  An  example  of  the  calculations  required  is  offered  in  this  section 
of  the  Handbook. 

6. 3. 1. 4  A  material's  selection  dissertation  should  accompany  each  certification  package.  This 
analysis  should  verify  that  corrosion  resistant  materials  are  used  throughout  the  detail  design 
and  that  the  materials  are  galvanically  compatible.  Reports,  documents  and  tests  should  be  issued 
to  show  the  material's  design  adequacy.  The  Bibliography  section  of  this  report  lists  a  number  of 
excellent  reports  in  this  area. 

6. 3. 1.  5  The  availability  of  as  built  penetrator  and  hull  insert  assembly  and  detail  drawings  is 
probably  the  major  key  to  a  certified  penetrator  design.  These  drawings  list  materials  of  con¬ 
struction  and  intimate  details  of  design  which  allow  the  certification  to  be  made.  No  certification 
should  be  attempted  without  detail  drawings.  The  certification  approval  document  should  identify 
the  drawing  number,  the  latest  revision,  and  the  date  of  issue.  Subsequent  changes  to  these 
drawings  should  require  another  brief  certification  review.  A  General  Note  on  the  penetrator 
assembly  drawing  should  be  included  to  flag  this  requirement. 

6. 3. 1. 6  Penetrator  qualification  test  procedures  are  discussed  in  greater  detail  in  this  section 
of  the  report.  These  should  be  followed. 


It  will  be  noted  that  corrosion  resistance  is  absent  from  this  listing.  The  MIL-STD-202  test, 

Method  101B  is  strictly  a  comparative  type  material  and  coating  test,  and  is  applicable  here. 
Corrosion  resistance  can  be  obtained  through  a  proper  material  selection  program.  The  effec¬ 
tiveness  of  the  materials  selection  can  be  judged  with  the  annual  penetralor  inspection  review. 

6. 3. 1.7  Each  electrical  penetrator  installed  on  the  vehicle  must  have  been  subjected  to  production 
tests.  These  tests  are  included  in  this  section  of  the  Handbook.  Documentation  should  be  available 
for  review  at  the  shipbuilder’s  plant  to  verify  that  these  tests  have  been  conducted  on  each 
penetrator  installed.  Each  penetrator  must  be  serialized  in  order  thatiproper  documentation 
procedures  can  be  maintained  throughout  the  fabricating,  test,  installation  and  use  cycle  of  the 
component.  I 

6. 3. 1. 8,  9,  &  10  Penetrator  handling,  installation  and  maintenance  procedures  should  be  pro¬ 
vided  to  assure  that  the  shipbuilder  and  vehicle  user  and  maintainer  will  properly  handle  and  use 
the  penetrators.  It  is  felt  that  these  procedures  can  best  be  detailed  in  a  Vehicle  Maintenance 
Manual.  These  manuals  are  always  provided  to  the  vehicle  purchaser  to  cover  all  systems  and 
hardware  on  the  ship.  The  electrical  penetrators  should  be  no  exception.  This  section  of  the 
Handbook  provides  guidelines  for  handling,  installation  and  maintenance. 

6. 3. 1. 11  &  12  Verification  of  materials  of  construction  for  the  penetrator  components  and  seal 
materials  should  be  available  at  the  shipbuilder's  plant  at  all  times.  The  verification  forms 
should  accompany  the  certification  package. 

6. 3. 1. 13  Verification  should  also  be  provided  to  ensure  that  penetrators  have  been  installed  in 
accordance  with  established  procedures.  The  installed  verification  forms  should  be  detailed  in 
the  Vehicle  Maintenance  Manual.  The  procedure  should  require  that  two  personnel  initial  the 
installation  document. 

6. 3. 1. 14  The  penetrator  manufacturer  should  also  provide  verification  that  the  penetrators  have 
been  fabricated  in  accordance  with  the  procedures  established  and  delineated  in  the  penetrator 
assembly  and  detail  drawings.  This  verification  can  be  in  the  form  of  initiated  manufacturer's 
process  control  sheets.  This  data  should  form  a  part  of  the  certification  package. 

6.3. 1. 15  Periodic  (annual)  penetrator  inspection  is  felt  to  be  necessary.  The  penetrators  should 
be  fully  inspected  for  any  evidence  of  corrosion.  At  least  20  percent  of  the  installed  penetrators 
should  be  removed  for  inspection  of  the  gasket  materials.  This  inspection  is  necessary  to  assure 
that  the  corrosion  resistance  of  the  material  used  in  the  penetrator  design  is  truly  corrosion 
resistant  in  this  application. 

6.4  PENETRATOR  TEST  REQUIREMENTS 

Three  series  of  tests  are  most  important  in  the  design  and  production  of  DSV  electrical  penetrators. 
These  are: 

a.  Design  verification 

b.  Preproduction  qualification 

c.  Production  (quality  assurance) 
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Design  verification  teats  are  conducted  to  prove  the  adequacy  of  the  design  for  the  intended  use. 
These  tests  are  rather  extensive  but  justified  in  light  of  the  critical  nature  of  the  components 
being  tested. 

Preproduction  qualification  tests  are  conducted  to  show  evidence  of  the  fabricator's  ability  to 
manufacture  the  penetrator  components.  These  tests  allow  the  fabricator  to  be  placed  on  the 
Qualified  Products  List  (QPL)  for  the  applicable  penetrator  specification.  ‘ 

Production  or  quality  assurance  tests  are  conducted  in  fabricator’s  plant  at  time  of  manufacture 
to  assure  the  quality  of  the  products  prior  to  shipment  to  the  customer. 

All  of  the  above  test  programs  arc  necessary  to  assure  the  design  and  manufacture  of  reliable 
components. 

Design  verification  testing  of  the  penetrator  components  should  follow  the  basic  test  program 
outlined  in  table  6-2.  Additional  testing  which  could  be  conducted  in  the  design  and  development 
program  should  cover  the  following  areas: 

a.  Torque  values  for  all  threaded  assemblies  should  be  established  by  actual  tests. 

b.  A  series  of  impact  tests  should  be  conducted  on  the  shallow  depth  (0  to  2000  feet)  penetrator 
with  the  molded  plastic  resin  shell  to  determine  the  degree  of  shock  it  can  tolerate,  and 
the  location  of  an  intended  predetermined  shear  plane  that  would  be  located  outboard  of  the 
primary  header  water  dam. 

c.  The  pressure  compensated  penetrator  junction  box  component  tests  should  include  tests  of 
diaphragm  fastening  methods;  tests  to  determine  diaphragm  flexing  requirements  and  tests 
to  determine  the  degree  of  gas  inclusion  that  could  be  tolerated  in  the  compensating  fluid. 

d.  A  power  rating  should  be  established  for  each  type  of  penetrator  depending  on  electrical 
contact  size.  This  rating  should  be  determined  under  a  specific  set  of  environmental  test 
conditions  more  severe  than  the  ocean  environment.  This  rating,  affords  the  user  a  method 
of  relating  the  penetrator  to  his  application  requirements. 

e.  Prior  to  conducting  the  sequential  tests  of  table  6-2,  each  primary  and  secondary  seal 
should  be  subjected  to  a  series  of  hydrostatic  pressure  cycles  to  determine  their  effective¬ 
ness  at  both  high  and  low  pressures. 

Preproduction  qualification  tests  should  follow  the  basic  test  program  outlined  in  table  6-3.  It 
will  be  noted  that  the  sequential  tests  are  diminished  in  number  when  compared  to  the  design 
verification  tests.  Once  the  design  is  verified,  the  main  concern  of  the  user  is  to  verify  that  the 
fabricator  can  work  with  the  materials  required  to  produce  a  satisfactory  product. 

The  Production  or  Quality  Assurance  tests  should  be  conducted  as  outlined  in  table  6-4.  These 
tests  should  be  conducted  on  each  completed  assembly  prior  to  shipment  to  the  customer. 

The  tests  noted  in  tables  6-2,  6-3,  and  6-4  are  discussed  in  further  detail  in  this  section.  The 
following  section  provides  the  test  procedures  for  connectors  as  well  as  the  requirements  for 


TEST  NO. 

TEST 

♦CONTROL 

TEST 

UNMATED 

PENETRATOR 

MATED 

PENETRATOR 

1 

Examination  of  Product 

— 

X 

X 

2 

Insulation  Resistance 

— 

X 

X 

3 

Continuity 

-- 

X 

X 

4 

Circuit  Resistance 

— 

X 

— 

5 

Temperature  Rise 

100/b 

u25%0^  ra^ec*  current) 

"*  ~ 

X 

6 

Withstanding  Voltage 

2-3 

X 

X 

7 

Hydrostatic  Pressure-Static 

2-3 

X 

X 

8 

Thermal  Shock 

2-3 

— 

X 

9 

Vibration 

2-3 

— 

X 

10 

Mechanical  Shock 

2-3 

— 

X 

11 

Hydrostatic  Pressure-Static 

— 

— 

X 

12 

Withstanding  Voltage 

— 

— 

X 

13 

Insulation  Resistance 

— 

— 

X 

14 

Examination  of  Product 

— 

— 

X 

15 

Short  Circuit  Fault  Current  (Dry) 

— 

— 

X 

16 

Hydrostatic  Pressure-Static 

— 

— 

X 

17 

Insulation  Resistance 

— 

X 

X 

18 

Continuity 

— 

X 

X 

19 

Short  Circuit  Fault  Current 
(as  created  by  flooded  conditk  n) 

— 

X 

X 

20 

Continuity 

— 

X 

X 

21 

Hydrostatic  Pressure -Static 

— 

X 

X 

22 

Insulation  Resistance 

-- 

X 

X 

♦Value  as  specified  in  detail  requirement  paragraphs. 
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Table  6-3.  Preproduction  Qualification  Test  Sequence-Penetrators 


TEST  NO. 

TEST 

♦CONTROL 

TEST 

UNMATED 

PENETRATOR 

MATED 

PENETRATOR 

1 

Examination  of  Product 

-- 

X 

X 

2 

Insulation  Resistance 

__ 

X 

X 

3 

Continuity 

— 

X 

X 

4 

Contact  Resistance 

— 

(each  mated  pair  of  contacts) 

5 

Withstanding  Voltage 

2-3 

(Headers 

only) 

X 

6 

Hydrostatic  Pressure-Static 

2-3 

X 

X 

7 

Thermal  Shock 

2-3 

X 

X 

8 

Withstanding  Voltage 

— 

X 

X 

9 

Insulation  Resistance 

— 

X 

X 

10 

Examination  of  Product 

— 

X 

X 

♦Value  as  specified  in  details  requirement  paragraphs 

Table  6-4.  Quality  Conformance  Test  Sequence  -  Penetrators 

♦CONTROL 

UNMATED 

MATED 

TEST  NO. 

TEST 

TEST 

PENETRATOR 

PENETRATOR 

1 

Examination  of  Product 

— 

X 

X 

2 

Insulation  Resistance 

~ 

X 

X 

3 

Continuity 

— 

— 

X 

4 

Withstanding  Voltage 

2-3 

X 

X 

5 

Hydrostatic  Pressure 

2-3 

X 

X 

6 

Examination  of  Product 

-- 

X 

X 

•‘Value  as  specified  in.  detail  requirement  paragraphs 


6.  5  CONNECTOR  TEST  REQUIREMENTS 

Three  series  of  tests  are  also  very  important  in  the  design  and  production  of  DSV  electrical 
connectors.  They  are: 

a.  Design  verification  ' 

b.  Preproduction  qualification 

c.  Production  (quality  assurance) 

Design  verification  tests  prove  the  adequacy  of  the  design.  These  tests  are  extensive  but  justified 
in  view  of  the  critical  nature  of  the  components  being  tested. 

Preproduction  tests  show  evidence  of  the  manufacturer's  ability  to  fabricate  the  connector  com¬ 
ponents.  These  tests  allow  the  fabricator  to  be  placed  on  the  Qualified  Products  List  (QPL)  of 
the  applicable  connector  specification. 

All  of  the  above  test  programs  are  necessary  to  assure  the  reliable  design  and  manufacture  of 
connectors. 

Design  verification  testing  of  the  connector  components  should  follow  the  basic  test  program 
outlined  in  table  6-5. 

Preproduction  qualification  tests  should  follow  the  basic  test  program  outlined  in  table  6-6. 

These  sequential  tests  are  diminished  in  number  when  compared  to  design  verification  tests. 

Once  a  design  is  verified,  the  main  concern  of  the  user  is  to  verify  that  the  fabricator  can  work 
with  the  materials  specified  to  produce  a  satisfactory  product. 

The  production  tests  should  be  conducted  as  outlined  in  table  6-7.  These  tests  should  be  run  on 
each  completed  connector  assembly  prior  to  shipment  to  the  customer. 

6. 5. 1  CONNECTOR  PERFORMANCE  AND  TEST  REQUIREMENTS  —  The  following  test  and 
performance  requirements  should  be  utilized  to  determine  the  adequacy  of  anv  connector  and 
penetrator  used  in  underwater  service. 

6. 5. 1. 1  INSULATION  RESISTANCE  —  Connectors  should  be  insulation-resistance  tested  in 
accordance  with  Method  3003  of  MIL-STD-1344.  The  resistance  should  be  measured  between  all 
adjacent  pairs  of  contacts  and  between  the  metal  shell  and  each  contact.  The  insulation  resistance 
should  be  greater  than  5000  megohms. 

6. 5. 1. 2  CONTINUITY  —  All  mated  connectors  and  wired  contacts  should  be  checked  for  continuity 
with  a  standard  circuit  tester.  There  should  be  no  evidence  of  open  circuits  as  a  result  of  this 
test. 

6. 5. 1. 3  CONTACT  RESISTANCE  —  The  contact  resistance  should  be  measured  in  accordance 
with  the  contact  resistance  test  of  MIL-STD-1344.  The  potential  drop  should  not  be  greater  than 
that  determined  to  be  adequate  during  the  design  program. 


Table  6-5.  Design  Verification  Sequence  Testing  of  Connectors 


TEST  NO. 

EXAMINATION 

OR  TEST 

♦CONTROL 

TEST 

PI.UG 

RECEPTACLE 

MATED 

WIRED 

CONNECTOR 

1 

Examination  of  Product 

— 

X 

X 

X 

2 

Insulation  Resistance 

-- 

X 

X 

X 

3 

Continuity 

— 

— 

— 

X 

4 

Contact  Resistance 

— 

X 

X 

— 

5 

Withstanding  Voltage 

2/3 

X 

X 

X 

6 

Durability 

— 

- 

- 

X 

7 

Hydrostatic  Pressure- 
Static 

2/3 

X 

X 

X 

8 

Thermal  Shock 

2/3 

X 

X 

X. 

9 

Vibration 

-- 

X 

10 

Shock 

— 

X 

11 

Hydrostatic  Pressure- 
Cycling 

— 

X 

X 

X 

12 

Withstanding  Voltage 

— 

X 

13 

Insulation  Resistance 

— 

X 

X 

X 

14 

Examination  of  Product 

— 

X 

X 

X 

♦Value  is  specified  in  detail  requirement  paragraphs. 
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Table  6-6.  Preprcduction  Qualification  Test  Sequence-Connectors 


TEST  NO. 

EXAMINATION 

OR  TEST 

♦CONTROL 

TEST 

PLUG 

RECEPTABLE 

MATED 

WIRED 

CONNECTOR 

1 

Examination  of  Product 

-- 

X 

X 

X 

2 

Insulation  Resistance 

-- 

X 

X 

X 

3 

Continuity 

— 

— 

— 

X 

4 

Contact  Resistance 

-- 

X 

X 

— 

5 

’withstanding  Voltage 

2-3 

X 

X 

X 

6 

Hydrostatic  Pressure- 
Static 

2-3 

X 

X 

-  X 

7 

Thermal  Shock 

2-3 

X 

X 

X 

8 

Withstanding  Voltage 

— 

X 

9 

Insulation  Resistance 

— 

X 

X 

X 

10 

Examination  of  Product 

— 

X 

X 

X 

♦Value  as  specified  in  detail  requirement  paragraphs. 


Table  6-7.  Quality  Conformance  Test  Sequence  -  Connectors  and  Accessories 


TEST  NO. 

EXAMINATION 

OR  TEST 

♦CONTROL 

TEST 

PLUG 

RECEPTABLE 

PRESSURE 

PROOF 

COVERS 

1 

Examination  of  Product 

-- 

X 

X 

X 

2 

Insulation  Resistance 

— 

X 

X 

3 

Withstanding  Voltage 

X 

X 

4 

Hydrostatic  Pressure- 
Static 

2-3 

X 

X 

X 

5 

Insulation  Resistance 

— 

X 

X 

6 

Examination  of  Product 

-- 

X 

X 

X 

♦Value  as  specified  in  requirement  paragraphs. 
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6. 5. 1.4  DIELECTRIC  WITHSTANDING  VOLTAGE  -  Mated  and  unmated  connectors  should  be 
tested  in  accordance  with  Method  3001  of  MIL  STD-1344.  The  applicable  test  voltage  (1,000  volts 
for  the  size  AO  and  1G  contacts,  and  1900  volts  for  the  size  12,  8,  4,  0  and  0000  contacts)  should 
be  applied  between  all  adjacent  contacts  and  between  all  contact.,  and  the  metal  shell. 

6. 5. 1. 5  DURABILITY  --  Counterpart  connectors  should  be  mated  and  unmated  100  times  at  a 
rate  of  50  t  25  cycles  per  hour  with  the  plug  coupling  rings  operated  in  a  manner  to-simulate 
actual  service.  Counterpart  connectors  should  show  no  damage  detr  .menial  to  the  operation  of 
the  connector  as  a  result  of  the  test. 

6. 5. 1.  G  HYDRC6TATIC  PRESSURE-STATIC  --  The  unmated  plugs  and  receptacles  and  the  mated 
connector  assemblies  should  he  st  ’»Jcoted  to  a  static  hydrostatic  pressure  test.  The  test  assem¬ 
blies  should  be  mounted  to  tne  internal  side  of  a  pressure  vessel  cover  using  the  mounting  method 
3hown  on  the  applicable  specification  sheet.  For  the  unmateu  connector  tests,  the  face  of  the  web 
section  should  be  exposed  to  a  test  pressure  equivalent  one  and  one-half  times  the  connector 
operating  pressure.  The  connectors  should  be  tested  in  clean  tap  water.  For  the  mated  connector 
and  pressure  proof  cover  tests,  the  plug  should.bs  mated  to  the  receptacle  or  the  pressure  proof 
cover  to  the  plug  or  receptacle  with  the  tools  specified  in  the  specification  and  held  with  the  normal 
locking  device.  The  connector  should  be  wired  in  accordance  with  the  applicable  specification. 
Figure  6-1  is  an  example.  The  wiring  and  molding  procedures  as  prescribed  in  the  applicable 
harness  specification  should  be  used  to  wire  and  mold  the  cable  to  the  plug.  The  cable  should  be 
end  sealed  using  similar  procedures  prescribed.  The  assembly  should  be  tested  one  and  one- 
half  times  the  operating  pressure  of  the  connector. 

6. 5. 1.7  THERMAL  SHOCK  —  Plugs,  receptacles,  pressure  proof  covers,  and  connectors 
should  be  subjected  to  the  thermal  shock  tests  specified  in  Method  1003  or  MIL-STD-1344.  The 
thermal  shock  test  conditions  noted  in  table  6-8  should  be  used.  No  damage  detrimental  to  the 
operation  of  the  connector  should  be  evident  as  a  result,  of  this  test. 


Table  6-8.  Thermal  Shock  Test  Conditions 


STEP 

TEMPERATURE  F 

TIME 

1 

-65  +0 
-9 

1/2  hr/lb 

2 

+68  t5 

3 

+165  +9 
-0 

1/2  hr/lb 

4 

+68  t5 

— 

6-17 


6, 5. 1.  0  V 113 RATION  —  Milted  connectors  and  mated  pressure  proof  covers  should  be  vibrated 
in  accordance  with  Method  2005  of  MIL-STD-1344.  Milted  contacts  should  be  wired^n  series  as 
noted  in  the  applicable  specification  (see  figure  0-1)  and  be  connected  with  a  suitable  testing 
circuit.  Any  voitage  or  current  within  the  connector  rating  should  be  applied  throughout  the 
vibration  test.  The  mated  connector  or  mated  pressure  proof  cover  should  be  held  together  by 
the  normal  locking  device.  Cables  should  be  supported  on  a  ^iiitionary  frame  not  closer  than 
eight  inches  from  the  connector.  Mated  connectors  should  not  be  damaged  as  a  result  of  this  test, 
and  there  should  be  no  loosening  of  parts.  Counterpart  connectors  should  remain  in  full  engage¬ 
ment  and  there  should  be  no  interruption  of  electrical  continuity  longer  than  10  milliseconds. 

6. 5. 1. 9  SHOCK  —  Mated  connectors  and  mated  pressure  proof  covers  should  be  tested  in 
accordance  with  Method  2004  of  M1L-ST 0-1344.  Three  blows  shall  be  applied  in  eacli  direction 
of  the  three  major  axes  of  the  connectors.  Receptacles  should  be  mounted  on  the  device  or 
carriage.  For  the  niated  connector  tests,  molded  plugs  should  be  engaged  to  the  receptacles  and 
held  only  by  normal  locking  means.  All  contacts  should  be  wired  in  series  as  shown  in  the 
applicable  specification  (see  figure  6-1)  and  the  cables  or  wire  bundles  should  be  clamped  to  the 
structures  that  move  with  the  connectors.  A  minimum  of  eight  inches  of  cable  should  be  un¬ 
supported  behind  tiie  rear  of  each  connector.  For  the  mated  pressure  proof  cover  tests,  the 
covers  should  beunated  to  their  respective  plugs  or  receptacles  and  mounted  to  the  shock  device 
or  carriage  The  covers  should  be  held  by  the  normal  locking  device.  Mated  conn  -dors  should 
not  be  damaged  as  a  result  of  these  tests  and  there  should  be  no  loosening  of  parts.  Counterpart 
connectors  should  be  retained  in-full  engagement  and  there  should  be  no  interruption  of  electrical 
continuity  longer  than  10  milliseconds. 

6.  5. 1. 10  HYDR06TAHC  PRESSURE-CYCLING  —  The  components  should  be  subjected  to  the 
cycling  tests  of  paragraph  6. 5. 1. 6  and  2000  cycles  of  pressure  at  the  operating  pressure.  A 
control  circuit  should  be  monitored  by  an  electric  counter  which  will  indicate  circuit  damage 
which  may  occur  during  the  test.  Insulation  resistance  readings  should  be  measured  before, 
during,  and  following  every  one  hundred  pressure  cycles,  t  10  cycles..  There  should  be  no 
evidence  of  mechanical  damage,  water  leakage,  or  impaired  electrical  properties  with  the  plugs, 
receptacles  or  mated  connectors  as  a  result  of  these  tests. 

A  6  HARNESS  TEST  REQUIREMENTS 

Three  series  of  tests  are  very  important  in  the  design  and  production  of  DSV  pressure  proof 
electrical  harnesses.  They  are: 

a.  Design  verification 

b.  Preproduction  qualification  and, 

c.  Production  (quality  as  -ance) 

The  design  verification  tests  prove  the  adequacy  of  the  design.  These  tests  are  extensive  and 
justified  in  view  of  the  critical  nature  of  the  components  being  tested. 

6-19 


The  preproduction  tests  indicate  evidence  of  the  manufacturer's  ability  of  fabricating  the  harnesses. 
These  test<  allow  the  fabricator  to  be  placed  on  Urn  Qualified  Products  List  IQl’L). 

The  production  tests  are  conducted  to  assure  the  buyer  of  the  quality  of  each  harness  purchased. 
These  tests  are  conducted  cn  each  completed  luirness  prior  to  shipment  to  the  customer. 

The  designverification  test  sequence  should  be  conducted  in  accordance  with  table  6-9.  The  pre- 
production  test  sequence  should  be  conducted  as  shown  in  table  6-10  while  the  production  test 
sequence  should  follow  table  6-11. 

6. 6. 1  HARNESS  PERFORMANCE  AND  TEST  REQUIREMENTS  —  The  following  test  and  perfor¬ 
mance-requirements  should  be  used  to  determine  the  adequacy  of  a  pressure  proof  harness  as¬ 
sembly  used  on  DSV  vehicles. 

6.6. 1. 1  INSULATION  RESISTANCE  —  Harnesses  should  be  insulation  resistance  tested  in 
accordance  with  Method  3003  of  MIL-STD-1344.  The  resistance  should  be  measured  between  all 
contacts  and  between  all  contacts  and  the  metal  shell  of  the  connector. 

6. 6. 1.2  CONTINUITY"  —  The  vired  harness  assembly  should  be  checked  for  continuity  with  a 
standard  circuit  tester.  There  should  be  no  evidence  of  open  circuits  as  a  result  of  thistesl,  and 
it  should  be  verified  that  the  conductors  are  connected  in  accordance  with  the  applicable  specifi¬ 
cation  sheet. 

6. 6. 1. 3  DIELECTRIC  WITHSTANDING  VOLTAGE  —  Harnesses  should  be  tested  in  accordance 
with  Method  3001  of  MIL-STD-1344.  The  applicable  test  voltage  (1, 000  volts  for  the  size  20  and 
16  contacts  and  1, 900  volts  for  the  size  12,  8,  4,  0,  and  0000  contacts)  should  be  applied  between 
all  contacts  and  between  all  contacts  and  the  metal  shell  of  the  connector. 

6.  6. 1. 4  BOND  -  BOOT  TO  CONNECTOR  {NO?1'  5TRUCTIVE)  —  The  connectors  wired  and 
molded  to  each  end  of  the  harness  should  be  nondestructive^  checked  in  accordance  with  figure 
6-2  to  assure  a  proper  bond  between  the  connector,  the  cable,  and  the  molded  boot.  There  should 
be  evidence  of  a  tenatious  bond  between  all  the  above  noted  components  as  a  result  of  probing  at 
90  degree  intervals  along  the  circumference  of  the  molded  boot. 

6. 6. 1. 5  CABLE  FLEXING  —  In  this  test,  the  wired  and  molded  connectors  on  each  end  of  the 
harness  should  be  loosely  inserted  between  a  pair  of  roliers  (see  figure  6-3)  and  should  be  sub¬ 
jected  to  90  degree  bending  in  each  direction  at  a  rate  of  12  to  14  complete  cycless  360  degrees  to¬ 
tal  travel,  per  minute.  The  bonded  joint  between  the  boot  and  the  cable  jacket  should  be  located 
approximately  at  45  degrees  above  the  center  line  through  the  two  rolls.  The  lower  end  of  the 
specimen  should  be  firmly  clamped.  The  clamp  should  be  designed  to  apply  a  uniform  radial 
pressure  io  the  core  of  the  cable.  The  diameter  of  the  rollers  should  be  2  inches  in  diameter  for 
cables  3/4  inch  in  diameter  and  under  3  inches  for  3/4  to  1-1/4  inch  in  diameter  cables,  and 
5  inches  for  1-1/4  to  2  inch  diameter  cables.  The  cables  should  be  rotated  90  degrees  inside  the 
clamp  and  the  test  should  be  repeated.  A  complete  test  of  a  connector  assembly  should  consist  of 
two  cycling  tests  of  100  cycles  each.  The  cable  flexing  test  should  be  conducted  on  each  end  of 
the  harness  assembly. 
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Table  6-9.  Design  Verification  Sequence  Testing  of  Harnesses 


TEST  NO. 

TITLE 

CONTROL 

TEST 

HARNESS 

ASSEMBLY 

1 

Examination  of  Product 

X 

2 

Insulation  Resistance 

— 

X 

3 

Continuity 

— 

X 

4 

Withstanding  Voltage 

— 

X 

5 

Bond  -  Bool  to  Connector 
(Nondestructive) 

— 

X 

6 

Cable  Flexing 

2-3 

X  . 

7 

Hydrostatic  Prossur  ecstatic 

2-3 

X 

8 

Thermal  Shock 

2-3 

X 

9 

Hydrostatic  Pressure-Cycling 

2-3 

X 

10 

Withstanding  Voltage 

— 

X 

11 

Insulation  Resistant1. 

— 

X 

12 

Bond  -  Boot  to  Connector 
(Destructive) 

— 

X 

13 

Examination  of  Product 

-- 

X 

Table  6-10.  Preproduction  Qualification  Test  Sequence  -  Harnesses 


TEST  NO. 

TITLE 

CONTROL 

TEfT 

HARNESS 

ASSEMBLY 

1 

Examination  of  Product 

— 

X 

2 

Insulation  Resistance 

— 

X 

3 

Continuity 

— 

X 

4 

Withstanding  Voltage 

X 

5' 

Rond  -  Boot  to  Connector  (Nondestructive) 

— 

X 

6 

Cable  Flexing 

2-3 

X 

7 

Hydrostatic  Pressure  -  Static 

2-3 

X 

8 

Thermal  Shock 

2-3 

X 

9 

Withstanding  Voltage 

— 

X 

10 

Insulation  Resistance 

— 

X 

11 

Bond  -  Boot  to  Connector  (Destructive) 

— 

X 

12 

Examination  of  Product 

— 

X 

Table  6-11.  Quality  Conformance  Test  Sequence  -  Harnesses 

CONTROL 

HARNESS 

TEST  NO. 

TITLE 

TEST 

ASSEMBLY 

1 

Examination  of  Product 

— 

X 

2 

Insulation-Resistance 

— 

X 

3 

Continuity 

— 

X 

4 

Withstanding  Voltage 

— 

X 

5 

Hydrostatic  Pressure  -  Static 

2-3 

X 

6 

Insulation  Resistance 

— 

X 

7 

Examination  of  Product 

__ 

X 
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IF  BOOT  PEE, L5  BACK  To  REVEAL  BARE 

METAL  THE  PUJC .  ASSEMBLY  SHOULD  BE  REJECTED.  REPEAT 
THIS  TEST  AT  FOUR  (4)  DlFFELREUT  POIMTS  ON  ClfrOJMPE*EDCE 


Figure  6-2.  Nondestructive  Boot-to- Connector  Bond  Test 
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Figure  6-3.  Cable  Flexing  Test  Setup 


n 


6. 6.  i.  6  HYDROSTATIC  PRESSURE -STATIC  —  To  conduct  the  static  hydrostatic  pressure  test, 
the  harness  assembly  should  be  ..Red  to  a  receptacle  mounted  to  the  intern;*!  side  of  a  pressure 
vessel.  A  pressure  proof  plug  or  re«.eutacle  cover  (as  applicable)  should  be  mated  to  the  other 
end  of  the  harness.  The  harness  uheul’d  be  wired  in  accordance  with  the  applicable  fairness 
specification.  Figure  6-1  is  an  example.  The  h.  ••ness  assembly  should  be  tested  in  a  pressure 
vessel  filled  with  eleen  tap  water.  The  harness  should  bo  tested  to  one  and  one-half  times  the 
operating  pressure  of  the  harness  assembly  as  shown  in  table  6-12.  There  should  be  no  evidence 
of  water  entry  into  the  harness  assembly  as  a  icsuit  of  the  pressure  test;  nor  a  deterioration  of 
electrical  characteristics  which  were  measured  prior  to  ihe  initiation  of  the  test. 

6. 6. 1. -7  THERMAL  SHOCK  —  Harnesses  should  be  subjected  to  the  thermal  shock  tests  specified 
in  Method  1003  or  MIL-STD-1344.  The  thermal  shock  test  conditions  noted  in  tabie  6-8  should  be 
used.  No  damage  detrimental  to  the  operation  of  the  harness  should  be  evident  as  a  result  of  this 
test. 

6. 6. 1.  8  HYDROSTATIC  PRESSURE  -  CYCLING  —  The  harness  should  be  subjected  to  the  hydro¬ 
static  pressure  tests  of  paragraph  6. 6. 1.  6  and  2,000  cycles  of  pressure  at  the  operating  pressure 
of  the  harness.  A  control  circuit  should  be  monitored  by  an  electric  counter  which  will  indicate 
circuit  damage  that  may  occur  during  the  test.  Insulation  resistance  readings  should  be  measured 
before,  during,  and  following  every  one  hundred  cycles,  t  10  cycles.  There  should'be  no  evidence 
of  mechanical  damage,  water  leakage,  or  impaired  electrical  properties  with  the  harness  assem¬ 
blies  as  a  result  of  this  test. 

6. 6. 1.9  BOND  -  BOO!1  TO  CONNECTOR  (DESTRUCTIVE)  —  The  molded  boots  of  the  connectors 
on  each  end  of  the  harness  should  be  subjected  to  a  boot  bond  test  as  shown  in  figure  6-4.  The 
plug  boot  should  be  prepared  as  shown  in  the  figure.  The  sliltcd.pcrtion  of  the  molded  boot  is  to 
be  pried  back  to  obtain  evidence  of  a  properly  bonded  rubber  to  metal  bond.  Evidence  of  a  properly 
bonded  interface  should  be  noted. 

6.7  PENETRATOR  DESIGN  CALCULATIONS 

The  following  typical  penetrator  design  calculations  should  be  prepared  for  any  design  under 
development.  In  this  case,  the  model  used  is  the  penetrator  developed  under  the  Deep  Ocean 
Technology  Program  (DOT)  penetrator  study.  Formulas  provided  in  this  outline  can  be  used  for 
most  penetrator  designs  previously  developed  as  well  as  penetrators  to  be  designed  in  the  future. 

The  following  discussion  is  designed  to  present  a  procedure  for  predicting  stress  levels  in  out¬ 
board  electrical  penetrators.  It  is  intended  to  serve  as  a  general  guide;  however,  it  must  be 
remembered  that  calculation  of  stress  magnitudes  is  as  much  a  function  of  geometric  configuration 
as  well  as  loading.  Therefore,  specific  designs  are  chosen  as  examples  and  any  deviations  from 
the  geometry  as  shown  could  warrant  changes  in  the  calculation  methods. 

The  penetrator  analysis  is  subdivided  into  two  portions;  The  first  deals  with  computation  of 
stresses  based  on  hydrostatic  loading,  and  the  second  deals  with  stresses  resulting  from  high 
impact  mechanical  shock  loads  (MIL-S-901). 
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Table  G-12.  Sialic  Hydrostatic  Pressure  Test  Schedule 


PRESSURE 

(psig)  HOLD  TIME 


STEP 

Low 

High 

(Minutes) 

1 

0 

20 

5 

2 

0 

20 

5 

3 

0 

20 

5 

4 

.  0 

150 

5 

5 

0 

1, 000 

5 

6 

0 

2, 000 

5 

7 

2,000 

3, 000 

5 

8 

3,000 

5,000 

5 

9 

5,000 

6, 000 

5 

10 

5, 000 

8,000 

5 

11 

8, 000 

10, 000 

5- 

12 

10,000 

12, 000 

5 

13 

12,000 

13, 600 

24.  hours 

DEPTH 

CLASSIFICATION 

(fact) 


20.  COO 


?‘4 


£ 


CABLE 


-«v>^ 


it 


k 


r-T 


i 

1 

- 

J 

c_L 

t 

9 

-POLYURETHAUE 


CUT  TO  METAL 
PLUG  SHELL. 


PRY  WITH  SCREWDRIVER 
OR  SPATULA  OF 
MINIMUM  WIDTH 


/.•yiOLY  URETH  AL*E 

METAL  SHELL 


Figure  6-4.  Destructive  Boot-to-Connector  Bond-Test 
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In  addition  to  the  stress  calculations  discussed,  consideration  of  deflections  must  also  be  made, 
especially  between  close  tolerance  mating  parts  and  in  particular  for  the  members  containing 
the  hermetic  glass  seals.  Due  to  the  low  elastic  modulus  and  high  allowable  working  strength  of 
the  titanium  alloy  used  in  fabrication  of  these  parts,  large  displacements  at  relatively  low  stresses 
can  occur.  When  one  considers  the  mechanics  of  deformation  of  the  web  or  header  sections  con¬ 
taining  the  glass  seals, it  becomes  evident  that  deflection  must  be  minimized  in  order  to  prevent 
tensile  failure  of  the  glass.  The  greatest  danger  associated  with  this  type  of  failure  is  cracking 
of  the  glass  in  a  region  of  overstress;  however,  the  crack  can  propagate  into  areas  of  otherwise 
low  stress  resulting  in  a  non-lbcalized  material  failure. 

In  order  to  cope  with  this  possibility,  deflection  must  be  considered  as  the  limiting  design  factor. 
Previous  design  work  employing  stainless  steel  has  undergone  limited  testing  which  resulted  in 
glass  failure  at  web  deflections  slightly  above  0. 002  inch.  *  Failure  took  the  form  of  spalling 
(lateral  chipping)  which  resulted  in  seepage  of  the  hydrostatic  fluid  through  the  glass  seal. 

As  a  result  of  this  data,  a  maximum  allowable  limit  of  0.0015'ineh  deflection  has  been  chosen 
as  the  design  criteria  for  parts  containing  glass  seals.  The  resulting  stresses  corresponding  to 
the  deflection  are  considerably  less  than  the  design  value  normally  limiting  the  design. 

6.7.1  CRITICAL  STRESS  ZONE  CALCULATIONS  (ref.  figure  6-5) 

A.  Bending  stress  of  cover  due  to  hydrostatic  loading. 

1)  For  a  cover  with  free  edge  the  maximum  stress  occurs  at  its  center  and  is  of 
magnitude: 

«nr2  p  =  hydrostatic  pressur  i.- 

Ref.  6,  page  194  Smax  =  -4££_(3m  +  l)  (psig) 

8mtz  r  =  cover  radius  (in. ) 

t  =  cover  thickness  (in. ) 

_  1 
m  "  Poisson  ratio 


W  -  ~^--(3m  +  l) 
8mtz 


2)  For  a  cover  with  fixed  edge  the  maximum  stress  occurs  at  the  edge  and  is: 


Ref.  6,  page  195 


B.  Shear  stress  in  the  cover  due  to  hydrostatic  loading. 

.  .  _ l unbalanced  surface  area  of  cover  )  - 

hydrostatic  load  ~  { exposed  to  hydrostatic  pressure  |  p 


Ref.  7,  page  5 


shear  area, 


F»|  s  ’  f  * 

Ag  =  n-dt 

S  ird2P  -  dP 
4  ?rdt  4t 


d  =  diameter  at  shear 
plane  (in.) 


*  0.002  inch  deflection  corresponds  to  a  fixed  edge  plate  of  nominal  1-3/4  inch  diameter  and  3/4 
inch  thickness.  This  was  adjusted  using  an  empirical  correction  factor  equal  to  three. 
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C.  Bearing  stress  on  cover  seat  due  to  hydrostatic  loading, 
hydrostatic  tod  -1^™  ! » 

Fh|  c  -  f  d2‘> 


D  -  dia.  of  outermost 
seal,  (in.  ) 


bearing  area  =  total  bearing  area  minus  area  of  seal  groove(s) 


\  -  f  K2  -  »i2>  -  »12  -  °22>  -  <D32  '  D42» 


Ref.  7,  page  5 


S  =  . 
s  A 


hie 


Do  =  outside  dia.  (in. ) 

Di  -  inside  dia.  (in. ) 

Dj  =  O.  D.  of  outermost 
seal  (in.) 

D2  =  I.  D.  of  outermost 
seal  (in. ) 

Do  =  O.  D.  of  inner  seal 
(in.) 

D4  =  1.  D.  of  inner  seal  (in. ) 


D.  Bending  stress  in  junction  box  wall  due  to  hydrostatic  loading. 


considering  a  thick  wall  vessel  where  the  wall  thickness  is  greater  than  yyj  outer  radius: 

2 


Ref.  6,  page  276 


2r 


S  =  -  p 
max  F 


o 


2  2 
ro  "  ri 


(at  the  inner  surface) 


r  =  outside  radius  (in. ) 
o 

rj  =  inside  radius  (in. ) 


Bearing  stress  at  mating  surface  between  penetrator  body  and  junction  box  due  to  hydro¬ 
static  pressure  and  torque  preload  of  coupling  ring. 

The  Hydrostatic  portion  of. the  load  is  calculated  using  the  same  relation  given  in  section 
C,  above.  The  axial  thrust  due  to  torque  preload  on  the  coupling  ring  must  be  added  to 
the  hydrostatic  fraction.  This  is: 

12  t  ' 


Fi  "  0. 2  d 


Ref.  8,  page  190 


Where  t  =  torque  lb.  -  it. 
d  =  nominal  In:  -iad 
diameter  (in.) 

F  =  axial  thrust  (lb. ) 


The  bearing  area  is  computed  by  a  process  similar  to  that  shown  in  section  C,  above. 

S_ 


Fh  c  + -F1 


F.  Bending  stress  in  penetrator  body  wall  due  to  hydrostatic  loading. 

see  section  D,  above. 

G,  H.  Combined  bending  and  shear  stress  (principal  and  maximum  shear  stresses)  in  out¬ 

board  header  insert  due  to  hydrostatic  loading.  {Failure  mode] 


I 

1 

g 

t 


I 
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The  maximum  bending  stress  is  computed  by  procedure  outlined  in  section  A-2, 
and  the  shear  stress  is  found  using  the  procedure  discussed  in  section  D. 

The  principal  or  maximum  normal  stresses  are: 


Ref.  6,  page  255 


,  '  _  Sr  J. 

>1  -  “2  +  Y' 


Sr  2  2 

f>  *Ss 


_Sr 

2 


-  Y(T)2  +Sfi 


Where  Sr  is  max  bending 
stress  and  Ss  is  shear 
stress 


The  maxim;- m  shear  stress  is: 


Ref.  6,  page  255 


M. 


,1  — 

3 1  max  f  A 


■>  +s" 


J.  Bearing  stress  at  mating  surface  between  penetrator  body  and  outboard  header  insert  seat 
due  to  hydrostatic  loading.  (Failure  mode] 


Procedure  similar  to  that  outlined  in  section  C. 

K.  Shear  stress  through  penetrator  body  at  outboard  header  insert  seat  due  to  hydrostatic 
loading.  (Failure  modej 

Procedure  similar  to  that  outlined  in  section  B. 

L.  Bearing  stress  at  mating  face  betwee,:  penetrator  body  and  hull  insert  due  to  hydrostatic 
loading  and  torque  preload  on  penetrator  retaining  nut. 


Procedure  similar  todhat  outlined  in  section  E. 

Bending  stress  in  penetrator  body  wall  due  to  hydrostatic  loading.  jFhilure  mode 
Procedure  similar  to  that  outlineddn  section  D. 

N.  Bending  stress  in  inboard  header  insert  due  to  hydrostatic  loading.  (Failure  modej 
Procedure  similar  to  that  outlined  in  section  A-l. 

O.  Tensile  stress  in  penetrator  shank  at  thread  relief  due  to  hydrostatic  loading  and  torque 
preload  on  penetrator  retaining  nut.  [Failure  modej 

Calculate  hydrostatic  portion  of  axial  load  similar  to  section  B  and  torque  preload  portion 
of  axial  load  as  in  section  E.  This  additive  load  is  resisted  by  the  tensile  area,  Aj : 


\  "  T  <do2  -  "i2» 

„  Total  axial  load 

st - x; 


Where  =  outside  diameter  (in. ) 
dj  =  bore  diameter  opposite 
thread  relief,  (in. ) 


P.  Shear  stress  on  inboard  header  Insert  due  to  hydrostatic  loading,  j  Failure  mode 
Procedure  similar  to  that .  vtlined  in  section  G. 
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Q.  Shear  stress  in  penetrator  shank  due  to  hydrostatic  loading,  j  Failure  niode| 

Procedure  similar  to  that  outlined  in  section  B. 

R.  Bearing  stress  at  interface  of  penetrator  shank  and  inboard  header  insert  due  to  hydro¬ 
static  loading.  [Failure  mode  j 

Procedure  similar  to  that  outlined  in  section  C. 

6.7.2  SHOCK  LOAD  CALCULATIONS  --  Consideration  of  shock  loads  is  made  on  the  basis  of 
the  load  -  weight  relation  shown  in  figures  6-6,  6-7  and  6-8.  High  impact  shock  loads  create 
stresses  wherever  two  or  more  separate  components  are  fastened  or  held  together.  The  shock 
load  can  act  in  any  direction  causing  tensile,  compressive,  shear  or  bending  stresses  in  the 
adjacent  parts  depending  on  their  geometric  interrelation. 


Figure  6-5  designates  zones  where  shock  loads  act  and  the  resulting  stresses  must  be  evaluated. 
These  are  depicted  by  letters  in  lower  case.  The  load  acting  on  any  component  of  the  penetrator 
is  calculated  by  multiplying  the  weight  of  tint  part  by  the  "G"  load  obtained  from  figure  6-6 
6-7  or  6-8;  the  latter  is  a  function  of  the  component's  weight.  The  critical  zones  for  shock 
loading  are  as  follows: 

a.  Shear  siress  on  cover  threads  due  to  high  impact  shock  load  and  torque  preload  on  cover 
threadi 


Ref.  9,  page  1143 


Ls  *  (fector)’(welght  of  cov*r) 

F  -  -iLL 

i  "  0.2(d) 

Total  axial  (shear)  load  =  Lg  +  F. 


t  =  torque  preload  (lb.  -  ft. ) 
d  =  nominal  thread  dia.  (in. ) 


shear  area  of  cover  thread,  A  = 

s 


3.1415nL„  K 

e  nmax 


IH  +  0- 


57735  (E 


K 


’min 


)i 


‘max  j 


Where  n  =  number  threads  per 
inch  =  1/pitch. 

L  =  thread  engagement 
length  (in. ) 

Knmax  =  max.  minor  dia. 

internal  thread  (in. ). 

ESmjn  =  min.  pitch  dia. 

external  thread  (in. ) 


Ss  - 


A_ 


b.  Shear  stress  on  cap  screws  securing  receptacle  to  junction  box  due  to  high  impact  shock 
load  on  connector  and  torque  preload  on  cap  screws. 

_/  G's 


LsJ  connector  =  ‘(actor*  °‘  connector)  [  ||tnU{ng 


case 
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r. 

K  ?! 


I  ! 

r  * 


H 


s 


L 

» 

F.  = 


connector 


s|  screw  number  of  screws 
12  t 


1 


0.2  d 


Total  axial  load  per  cap  screw  =  L 

si  screw 

shear  area,  Ag  calculated  in  similar  manner  as  that  in  section  a. 


+  F. 


+  F. 


S  = 
s 


screw 


c.  Tensile  stress  in  cap  screw  securing  receptacle  to  junction  box  due  to  high  impact  shock 
load  on  connector  and  torque  preload  on  cap  screws. 

Total  axial  load  same  as  that  calculated  in  se  ction  b. 


Tensile  area  of  cap  screws  is  obtainable  from  machinist's  handbook  or  can  be  calculated 


from: 

At  =  0.7854  (D  9-74-3.)2 


Ref.  9,  page  1143 


st  = 


4 


screw 


+  n 


Where  3}  =  basic  major  dia.  of 
thread  (in. ) 

n  =  number  of  threads  per 
inch 


d.  Shear  stress  in  junction  box  coupling  ring  retaining  flange  due  to  high  impact  shock  load 
arid  torque  preload  on  coupling  ring. 


G's 


junc.  box 

p  - 

i  ”  0. 2  d 


(factor^  (iunction  box  weight  with  connectors) 


Total  axial  load,  F  =  L  +  F. 

’si .  s  . _  ....  ] 


t 

Flange  shear  area,  A  =  7rdt 


+  F. 


S  = 

s 


junc.  box 


junc.  box 

Where  d  =  diameter  of  shear 
plane  (in. ) 

t  =  flange  thickness  (in. ) 


e.  Tensile  stress  in  coupling  ring  cap  screws  due  to  high  impact  shock  load  and  torque  pre¬ 
load  on  cap  screws. 

Shock  load  is  identical  to  that  calculated  in  section  d,  above. 

shock  load  per  screw  = — k°x. 

n 

p  _  12  t  Where  n  =  no.  of  screws  in 

i  0. 2  d-  coupling  ring 


8-33 


rn  as  n 
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0. 


Bearing  stress  at  interface  of  outboard  header  insert  and  polarizing  ring  due  to  high 

impact  shock  load  and  torque  preload  on  polarizing  ring  retaining  nut. 

shock  load,  L  =(fG'f  )  (Weight  of  outboard) 

’  s  factor  header  insert 


F.  =  same  as  that  of  section  u. 


Bearing  area,  A^,  calculated  by  method  similar  to  that  outlined  in  section  c. 


Sc  " 


L  +  F. 
s  1 


Bearing  stress  at  interface  of  penetrator  and  outboard  header  insert  due  to  high  impact 
shock  and  torque  preload  on  polarizing  ring  retaining  nut. 

Shock  load,  Lg  and  preload  F.  are  same  as  those  calculated  in  section'll. 

Bearing  area,  Ac,  calculated  by  method  similar  to  that  outlined  in  Section  c. 


S  = 
c 


L  +  F. 
s  1 


Bearing  stress  at  interface  of  penetrator  and  hull  insert  due  to  high  impact  shock  load 

and  torque  preload  on  penetrator  retaining  nut. 

i  i  t  _  /  G*s  \  .weight  of  total  penetrator  less, 

shock  load,  Ls  -  (factor)  (seal  ring  and  retaining  nut  ) 


F,  = 


12  t 


i  0.2  d 

Total  load,  F  ]  =  L  +  F. 

’  cj  t  s  1 

Bearing  area,  A  calculated  by  method  similar  to  that  outlined  in  section  c. 


S  = 
c 


L  +  F. 
s  1 


r.  Bearing  stress  at  interface  of  spacer  and  inboard  header  insert  due  to  high  impact  shock 
loading. 

t  _  /  G’s  )  .weight  of  inboard, 
s  ~  'factor  header  insert  ' 

7T  2  2 

bearing  A„  =  -r*  (d  -  d.  )  Where  do  =  outside  dia.  of 

spacer  (in.) 
d.  =  inside  dia.  of 

^  spacer  (in.) 

AS  =~- 
c  A„ 


s.  Bearing  stress  at  interface  of  seal  ring  and  hull  insert  due  to  high  impact  shock  and 
torque  preload  on  retaining  nut. 

Lg  same  as  that  calculated  in  section  r,  above. 
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F  =-!2JL 
* i  0.  2  d 


F  =  L  +  F. 

c  t  si 


bearing  area,  A  =  j-  (d  2  -  d  2) 


S  = 
c 


L  +  F. 
s  1 


Where  d  =  outside  dia.  of  seal 
o 

ring 

d.  =  inside  dia.  of  contact 
1  face  of  seal  ring 


t.  Shear  stress  on  retaining  nut  thread  due  to  high  impact  shock  load  and  torque  preload 
on  retaining  nut. 

Shock  load  and  to.vque  preload  same  as  calculated  in  section  q. 

Thread  shear  area,  Ag,  computed  according  to  formula  in  section  g. 


L  +  F. 


S  = 
s 


u.  Bearing  stress  at  interface  of  inboard  header  insert  and  penetrator  flange  seat  due  to 
high  impact  shock  load. 

G's  ^  /Weight  of  insulator  and  spacer  ^ 


■  .  ,  .  T  _  /  vj  s  v  /weigm  ui  msuwiur  uiiu  \ 

’  s  'factor  'ass'v  and  inboard  header  insert' 


Bearing  area,  AcComputed  using  method  similar  to  that  of  section  c. 

L 

S.  -  -  J- 


v.  Shear  stress  in  penetrator  inboard  header  insert  flange  due  to  high  impact  shock  load. 

Shock  load,  L  same  as  that  calculated  in  section  u,  above, 
s 


Shear  area,  A  calculated  using  method  outlined  in  section  b. 


.*•  S  =~ 
s  A_ 


6.7.3  DEFLECTION  CALCULATIONS  --  The  following  formulas  are  for  use  in  calculating 
deflection  for  the  condition  of  hydrostatic  loading.  Equivalent  distributed  loading  due  to  high 
impact  shock  results  in  loading  much  less  than  that  produced  by  hydrostatic  pressure;  one  need 
not  be  concerned  with  deflection  due  to  shock. 

Sections:  A  &  N 

Deflection  of  simply  supported  flat  circular  plate: 


'max 


3p  (m  -  1)  (5m  +  1) 


16  E  nT 


4 

C.  F.  (at  center) 
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re  A  -  ma> 

•mn  v 


Ref.  6,  page  194 


-  max.  pla'.e  deflection  (in. ) 

p  =  hydrostatic  pressure 
(psig) 

m  s  reciprocal  of  Poisson's 
ratio 

E  =  elastic  modulus  (lb.  /in.  ) 
r  =  radius  of  plate  (in. ) 
t  =  thickness  of  plate  (in.) 

G.  F.  =  correction  factor  based  on 
empirical  results  for  plates 
containing  compression 
glass  seals 


Section:  H 


Deflection,  of  a  fixed  edge  flat  circular  plate: 


^max  "  "  3P  (n>2  ~2"]~T  lC*  F-|  (at  center) 
max  16  Eni  J  t3  1 


Ref.  6,  page  195 
Section:  D,  F  &  M 

Deflection  of  inner  wall  of  a  thick  wall  cylinder. 

_  o».  ^ 

ro  ri 

Ref.  6,  page  276 

Deflection  of  outer  wall  of  a  thick  wall  cylinder. 

2  2 
r  r.  +  r 

Aro  =  -  pT  ’ 

Ref.  6,  page  276  ro  ri 


Where  r.  =  radius  of  inner  wall  (in. ) 
rQ  =  radius  of  outer  wall- (in'.  ) 


Where  V-=  Poisson's  ratio 


6.  8  CONNECTOR  DESIGN  CALCULATIONS 

The  following  typical  connector  design  calculations  should  be  prepared  for  any  design  under 
development.  In  this  case,  the  model  used  is  the  connector  developed  under  the  Deep  Ocean 
Technology  Program  (DOT)  connector  study.  Formulas  provided  in  this  outline  can  be  used  for 
most  connector  designs  developed  in  past  years  as  well  as  connectors  of  the  future. 

The  following  procedure  is  the  counterpart  of  that  discussed  previously  for  penatrators.  All  the 
considerations,  rules  and  formulas  governing  the  evaluation  of  stress  magnitudes  in  the  penetralor 
also  apply  in  generating  the  stress  values  for  outboard  connectors.  The  only  variation  is  in  the 
application  of  the  relations  =  the  consequence  of  geometric  dissimilarity. 

The  analysis  of  the  outboard  connectors  is  also  divided  into  two  parts,  did  first  dealing  with 
hydrostatic  loading  and  the  second  with  high  impact  shock  (MIL-S-901). 
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6.  8. 1  CRITICAL  STRESS  ZONE  CALCULATIONS  (ref.  figure  6-9) 
A.  Bending  stress  in  plug  web  due  to  hydrostatic  loading. 

3  r2 

r>  _  *>  ..  I  iin... 


S  .  =Tl)'V  Wliere  p  =  hydrostatic  press,  (psig) 


max  4  ‘  ^2 


r  =  radius  (in. ) 
t  =  thickness  (in. ) 


B.  Shear  stress  in  plug,  web  due  to  hydrostatic  loading. 


Ref;  7,  page  5 


.  a  (unbalanced  surface  area  of  web  I  „ 

^  c  (exposed  to  hydrostatic  pressure!  ^ 

I  2 

shear  force,  Fjl  =  jd  p  ;  d  =  dia.  at  shear  plane 

1  s 

shear  area.  A  -  ?rdt 
’  s 


n  _  hi  s  _  d£ 

h  -  aJ  -  4t 


A-B  Principal  normal  and  maximum  shear  stress  in  plug  web  as  a  result  of  combined  bending 
and  shear  stresses  of  A  &  B,  above. 

The, principal  or  maximum  normal  stresses  are: 


S,1  -  f  +#>2  +°s2 

v  -  4  -V5>^7 


Ref;  7;  page  255 


The;  maximum  shear  stress  is: 


WherecSr  is  the  maximum  bendiiig 
stress  and  Ss  is  the  shear  stress 


sj  =+-ff)2+s* 

■'max. 


Ref.  7,  page  255 


C.  Shear,  stress  in  coupling,  ring  flange,  due  to  hydrostatic  leading. 

Procedure  simiiar  to  that  outlined  in  section  B,  above. 

D.  Bearing, stress  at  mating  surface  between  receptacle  and  plug  coupling  ring  flange  due  to 
hydrostatic  loading  ar.d  torque  preload  on  coupling  ring. 

hydrostatiedbad,  F.  ]  =  ^D2  p  Where  D  =  diameter  of 

n,c  outermost  seal  (in. ) 


bearing  area,  Afi  =  "f^D02  "  D^2) 


S.  = 


C  A. 


Where: 

B0  =  smallest  diameter  of 
ring  seal  shoulder 
Dj  =  largest  receptacle  bore 


if- 39 


E.  Bending  stress  of  plug  front  shell  wall  due  to  hydrostatic  loading.  [Failure  model 


Smax  ~ 


r  -  r, 
o  i 


Ref.  6,  page  276 


Where  r  =  outside  radius  of  shell 
(in.) 

r;  =  inside  radius  of  shell 
(in.) 


F.  Shear  stress  in  receptacle  O-ring  groove  wall  due  to  hydrostatic  loading  [Failure  modej 
and  torque  preload  on  coupling  ring. 

12  t 

axial  thrust  due  to  torque  preload,  F.  =  ^ 

Ref.  8,  page  190 

hydrostatic  load,  (d^)  p 

total  load,  F.  =  F.  +  F. 

'  t  l  h 

shear  area,  A  =  rdt  ,  where  t  =  thickness  of  O-ring  groove 

wall  (in. ) 

F.  +  F. 

.  „  _  i  h 

This  calculation  is  made  based  on  the  assumption  that  the  entire  load  is  carried  solely  by 
the  annular  portion  of  the  receptacle  face  bounded  by  the  O-ring  groove  outer  (bottom) 
diameter  and.the  receptacle  bore  diameter. 

G.  Bending -stress  ;in  receptacle  wall  due  to  hydrostatic  loading. 

Rvocedure  similar  to  that  outlined  in  section.E,  above. 

H.  Shear  stress  in  receptacle  web  due  to  hydrostatic  loading.  |Failure  modej 

2 

p  -  JL  (A  \  n  *  WHnro  A  =  Knrii  r?  ?  o  rvi  a  f  at* 


hydrostatic  load;  F.  =  «?-(d  )  p  ;  Where,  d  =  bore  diameter 

of  receptacle 


shear  area,  A  =  *rd  (t); 


s  .A 

s  4i 


Where,  d  =  same  as  above 
t  =  web  minimum 
thickness 


J.  Bearing  stress  on  receptacle  seat  due  to  hydrostatic  loading  and  torque  preload  on 
retaining  screws. 

2 

hydrostatic  load,  F,  =  ~r  (d)  (p)  Where  d  =  diameter  of 

recp.  seal 

screw  load, 

total  screwload,  F.  ]  =  n  F.  Where  n  =  numbers  of 

1  t  screws 


(theoretically,  the  latter  is  not  correct  but  is  calculated  to  yeild  the  largest  bearing 
load) 
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— sx 


11!  n 

m  i 

ui ; 

Ml 

:  “i 


I;  ?'  <«■ 


total  bearing  load,  F^j  =  +  n  F. 

bearing  area,  \  ~  j-  (DQ2  -  D.2)  -  (Dj2  -  D22)| 


S  = 
c 


F.  +  n  F. 
h  i 


Where  D0  =  flange  outside  diameter  (in. ) 
Dj  =  bore  dia.  of  hole  for  reep. 
(in.) 

Dj  =  outside  diameter  of  O-ring 
groove  (in. ) 

’Uj  *  Inside  diameter  of  O-ring 
*  groove  (in. ) 


K.  Shear  stress  on  O-ring  groove  wall  due  to  hydrostatic  loading.  [ Failure  mode] 

hydrostatic  load,  F^  =  -^-(d^  -  d.2)  p 


shear  area,  A  =  ird.  (t) 
’  s  1 


Where,  dQ  =  maximum  bore  dia.  of  seal 
d“  =  minimum  O-ring  groove 
dia.  of  receptacle 

Where  dj  is  same  as  above 

t  =  thickness  between  back  of 
O-ring  groove  and  end  of 
receptacle. 


•  c _ 5 

♦  •  o  •—  "7“ 

S  A. 


L.  Bending  stress  in  receptacle. web  due  to  hydrostatic  loading,  j  Failure  mode  | 

Procedure  similar  to  that  outlined  in  section  A. 

6. 8. 2  SHOCK  LOAD  CALCULATIONS  --  Consideration  of  shock  loads  is  made  on  the  basis  of 
the  load  -  weight  relations  shown  in  figures  6-6,  6-7,  and  6-8.  High  impact  shock  loads  create 
stresses  wherever  two  or  more  separate  components  are  fastened  or  held  together.  The  shock 
load  can  act  in  any  direction  causing  tensile,  compressive,  shear  or  bending  stresses  in  the 
adjacent  parts  depending  on  their  geometric  interrelation. 

Figure  6-9  designates  zones  where  shock  loads  acFand  the  resulting  stresses  must  be  evaluated. 
These  ire  depicted  by  letters  in  lower  case.  The  load  acting  on  any  component  of  the  penetrator 
is  calculated  by-multiplying. the  weight  of  that  part  by  the  G  load  obtained  from  figure  6-6,  6-7, 
or  6-8;  the  latter  is  a  function  of  the  component's  weight.  The  critical  zones  for  shock  loading  are 
as  follows: 

a.  Shear  stress  in  plug  coupling  ring  flange  due  to  high  impact  shock  load. 

Ls  =  (factop  <weisht  ot  PIuE  assembly) 


Ag  =  TTdt 

s  -is 

s’-*s 


Where  d  =  diameter  of  shear  plane  (in. ) 
t  -  flange  thickness  (in. ) 


'yyeiGHT  (ca ) 


Critical  SI 


b.  Bearing  stress  at  mating  surface  between  receptacle  and  plug  coupling  ring  flange  due  to 
shock  load  and  torque  preload  on  coupling  ring. 

p  -  12 1 

1  "  0.2  (d) 

L  *>  same  as  that  calculated  in  section  a. 
s 

F  =  F.  +  L 
t  1  s 

A  =  same  as  that  calculated  in  section  D.  ' 

c 

F.  +  L 

s  a— L  — 

c  Ac 

c.  Shear  stress  on  coupling  ring  thread  (receptacle)  due  to  high  impact  shock  load  and  torque 
preload  on  coupling  ring. 

total  load  Ft  =  same  as  that-of  section  b,  above. 

shear  area,  A  =  3. 1416  Kft  0.  5  +  *  tan  14-1/2°  (E  -  )  (per  inch  of 

8  max  ^  smin  max  engagement) 


Ref.  9,  page  1297 


Where,  K  =  max.  minor  dia. , 

nmax'  internal  thread  (in. ) 

E  .  =  min.  pitch  dia. , 

smin  external  thread  (in. ) 


•  <s  - _ t 

■  a  A_ 


d.  Tensile  stress  in  receptacle  retaining  screws  due  to  high  impact  shock  load  and  torque 
preload  on  screws. 

f  -  12  t 
i  ~  0.2  d 


VJ  S 

Lg  =  (factor.)  (weight  of  connector  ass’y) 


Total  axial  load  per  screw: 


F  =  — —  +  F 
rt  n  ^  ri 


Where  n  =  Total  number  of  screws 


Tensile  area  of  capscrews  is  obtainable  from  machinist's  handbook  or  can  be  calculated 


from: 

a  —  n  170CA  0.  9743\2 

Ref.  9,  page  1143  At  “  °-7854  -  n  ) 


Where  D  =  basic  major  diameter  of 
thread  (in. ) 

n  =  number  of  threads  per  inch 


•  s  =  — - 

*  *  ■  t  A, 
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e. 


Shear  stress  in  receptacle  retaining  screw  threads  due  to  high  impact  shock  load  and 
torque  preload  on  screws. 

Shear  load,  =  same  as  that  calculated  in  section  d. 

Shear  area,  Ag  computed  from  formula  given  in  section  c,  for  thread  size  of  screw. 


f.  Bearing  stress  on  receptacle  seat  due  to  high  impact  shock  load  and  torque  preload  on 
retaining  screws. 

Shock  load.  L  =  same  as  that  of  section  d. 

’  s 


Total  screwload,  ses  section  J. 


=  nF.  +  L 
1  s 


Bearing  area,  A„  =  same  as  that  of  section  J. 
.\S 


nF.  +  L 
1  s 


6. 8. 3  DEFLECTION  CALCULATIONS  —  The  following  formulas  are  for  use  in  calculating 
deflection  for  the  condition  of  hydrostatic  loading.  Equivalent:  distributed  loading  due  to  high 
impact  shock  results  in  loading  much  less  than  tlat  produced  by  hydrostatic  pressure;  one  need 
not  be  concerned  with  deflection  due  to  shock. 


Section:  A  6  L 

Deflection  of  a:  fixed  edge  flat  circular 

A).  . 

imax 


plate: 

[  3p  (m2  -  .1) 

L  16EnA  - 


(at  center) 


Ref.  6,  page  195 
Section:  E  &  G 

Deflection  of  inner  wall  of  a  thick  wall  cylinder. 

2  * 

r.  2r„ 

Ar.  =-p^-  (  5"^ - ) 

2  Where  rj  =  radius  of  inner  wall  (in. ) 

ro  ”  ri  -  r0  =  radius  o^  outer  wall  (in. ) 


Ref.  6,  page  276 

Deflection  of  outer  wall  of  a  thick  wall  cylinder. 


Ref.  6,  .page  276 


Aro 


-V) 

Where  V  ~  Poisson's  ratio 


6-47 


6. 9  HARNESS  AND  PENETRATOR  INSTALLATION  GUIDELINES 

The  fabrication,  inspection  and  test  operations  described  in  previous  sections  are  accomplished 
in  shop  areas.  They  are  relatively  easy  to  preform  with  proper  quality  control  resulting.  In 
sharp  contrast,  the  operations  described  in  these  paragraphs  must  be  performed  on  the  vehicle, 
in  crowded  work  areas.  Proper  quality  control  can  only  be  achieved  by  enforcing  the  following 
three  rules: 

a.  The  work  must  be  accomplished  using  specific  procedures  with  no  deviations  allowed. 

b.  The  components  must  be  adequately  protected  from  the  environmental  hazards  present 
during  installation  and  subsequent  maintenance  periods. 

c.  Personnel  performing  the  tasks  must  be  familiar  with  the  procedures  and  have  manuals 
available  for  reference,  check-off  lists  are  recommended. 

6.9. 1  HULL  PENETRATOR  INSTALLATION  —  The  following  procedures  are  recommended  for 
installing  the  electrical  hull  penetrators: 

a.  Check  the  penetrator  assembly  in  the  shop  to  assure  that  the  inspection  tags  indicate  that 
the  penetrator  has  passed  the  electrical  and  mechanical  tests  prescribed.  These  .include 
continuity,  insulation  resistance,  withstanding  voltage,  hydrostatic  pressure,  and  checks 
of  the  O-ring  seal  surfaces  for  possible  nicks  and  scratches. 

b.  The  O-rings  should  be  visually  checked  for  damage. 

c.  Remove  the  protective  caps  from  the  outboard  and  inboard  receptacles  oh  the  penetrator  and' 
check  the  O-ring  and  O-ring  seal  surfaces  for  dirt,  nicks  and  scrathces.  All  O-rings  should 
be  coated  with  a  thin  film  of  lubricant  per  MIL-L-4343.  Replace  the  caps  immediately  after 
the  inspection. 

f  f 

d.  Replace  the  penetrator  assembly  in  its  shipping  container. 

e.  Ship  the  penetrator  assembly  from  the  shop  to  the  vehicle.  Provide  the  necessary  instructions 
to  the  shipping  agent  to  assure  no  damage  occurs  in  transit. 

f.  Remove  the  protective  caps  from  the  vehicle  hull  insert  into  which  the  penetrator  will  be 
placed.  Inspect  the  seal  surfaces  for  scratches,  dents  and  foreign  material  that  could  be 
detrimental  to  the  penetrator-to-hull  seal.  Replace  the  protective  covers  on  the  hull  insert 
until  the  actual  penetrator  installation  is  accomplished. 

g.  Remove  the  penetrator  from  its  shipping  container,  wipe  it  with  a  clean  cloth,  and  remove 
the  protective  receptacle  cover  from  the  inboard  end. 

h.  Wrap  a  tape  over  the  penetrator  thrcads'to  prevent  damage  to  the  threads  or  darnage.to  the 
hull  seal  surfaces. 

i.  Visual!;,  inspect  the:penetrator  primary  seal  O-ring.  and  assure  that  it  is  lubricated  with  a 
light  film  of  lubricant; 

j.  Carefully  place  the  O-ring  on  the  penetrator  body  and  install  the  penetrator  into  its  hull- 
insert  hole.  Be  sure  that  it  is  properly  polarized  to  the  hull.  (This  installation  rniidt  be 
inspected  and  signed  by'  the  installer  and  the  proper  inspection  agency  who  must  also  verify 
that  the  O-ring  is  the  proper  size,  compound  and  cure  date  for  the  application. 
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k.  Remove  the  protective  tape  from  the  inboard  threads  on  the  penetrator. 

l.  Visually  inspect  the  penetrator  secondary  seal  O-ring  and  assure  that  it  is  lubricated  with 
a  light  film  of  lubricant. 

m.  Carefully  place  the  O-ring  on  the  penetrator  body.  (This  installation  must  be  inspected  and 
signed  by  the  installer  and  the  proper  inspection  agency  who  must  also  verify  that  the  O-ring 
is  the  proper  size,  compound  and  cure  date  for  the  application). 

n.  Pit  the  seal  ring  and  washer  over  the  threads  and  into  place.  Assemble  the  retaining  nut  on 
the  penetrator  threads,  and  torque  it  to  its  assigned  value  using  the  proper  sized  spanner 
wrench  torquing  tool. 

o.  Replace  the  protective  cap  on  the  inboard  end  of  the  penetrator  until  such  a  time  that  the 
inboard  harness  is  plugged  into  the  penetrator. 

6.9.2  OUTBOARD  HARNESS  INSTALLATION  —  the  following  procedures  are  recommended  for 
installing  the  electrical  hull  penetrators. 

a.  Check  the  outboard  harness  assembly  in  the  shop  to  assure  that  the  inspection  tags  indicate 
that  the  harness  has  passed  the  electrical  and  mechanical  tests  prescribed.  These  include 
continuity,  insulation  resistance,  withstanding  voltage,  hydrostatic  pressure,  and  checks 
of  the  plug  O-rings  and  seal  surfaces  for  possible  nicks  and  scratches. 

b.  Remove  the  protective  caps  from  the  plugs  (or  receptacles)  on  each  end  of  the  cable  and 
check  the  O-rings  and  O-ring  seal  surfaces  for  dirt,  nicks  and  scratches.  All  O-rings 
should  be  coated  with  a  thin  film  of  lubricant  per  MIL-L-4343.  Replace  the  protective  caps 
immediately  after  inspection. 

c.  Replace  the  harness  assembly  in  its  original  shipping  container. 

d.  Ship  the  harness  assembly  from  the  shop  to  the  vehicle.  Provide  the  necessary  instructions 
to  the  shipping  agent  to  assure  no.  damage  occurs  in  transit. 

e.  Begin  the  installation  at  the  electrical  hull  penetrator. 

f.  Remove  the  receptacle  protective  cap  in  the  penetrator.  receptacle  and  visually  inspect  the 
receptacle  internals,  O-ring  andseal  surface  for  cleanliness  and  nicks  and  scratches. 

The  O-ring  should  be  appropriately  lubricated. 

g.  Remove  the  protective  cap  on  the  harness  plug  and  visually,  inspect  the  O-ring  and  seal 
surfaces  for  cleanliness  and  nicks  and  scratches  on  the  seal  surface.  O-ring  lubrication 
should  be  evident. 

h.  Mate  the  plug  assembly  by  hand  to  the  receptacle.  Complete  the  operation  with  the  appro¬ 
priate  pin  type  spanner  wrench.  This  can  be  determined  by  lightly  tapping  the  spanner 
handle  with  a  metal  rod.  When  the  coupling  ring  is  adequately  tightened,  the  sound  of  the 
tapping  will  rise  sharply  in  pitch  to  a  ping  sound. 

i.  Arrange  the  harness  in  its  protective  device  on  or  near  the  penetrator  so  it  attains  a  strain 
free  attitude  exiting  the. penetrator.  It  may  be  necessary  to  temporarily  tie  or  band  the 
harness  while  the  remainder  of  the  cable  is  secured. 
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j.  Run  the  harness  in  the  protective  and  support  devices  provided.  Attach  the  cable  to  the 
support  device  in  the  manner  prescribed.  -Banding  with  plastic  bands  is  usually  used  here. 

The  cables  need  not  be  banded  to  the  device  until  the  entire  luirness  has  been  run  to  the 
component  at  the  other  end.  After  securing  the  harness,  flex  {lie  unsupported  parts  of  the 
cable  loop  to  be  sure  that  the  cable  will  not  be  forced  into  contact  with  surrounding  structures 
by  the  strong  forces  of  water  flow. 

k.  Remove  the  protective  cap  on  the  component  receptacle  and  visually  inspect  the  seal  and 
seal  surfaces  as  described  earlier. 

1  Remove  the  protective  cap  on  the  luirness  plug  and  visually  inspect  the  seals  and  seal 
surfaces. 

m.  Mate  the  plug  to  the  receptacle  in  a  similar  manner  as  described  at  the  hull  penetrator. 

n.  When  all  of  the  harnesses  for  a  particular  penetrator  are  mated  to  their  respective  compo¬ 
nents,  the  cables  can  be  banded  to  the  support  devices. 

o.  After  all  the  cables  are  banded  to  the  support  devices,  the  protective  covers  (if  any)  may  be 
attached  to  the  supporting  structure. 

p.  The  following  notes  apply  to  the  installation  of  a  harness: 

1.  Never  bend  the  cable  tighter  than  the  minimum  bending  radius  prescribed  in  the 
applicable  harness  specification. 

2.  When  removing  a  cable  or  harness  from  its  shipping  container  (a  reel,  for  example), 
exercise  extreme  care  to  ensure  that  the  cable  is  hot  kinked  or  twisted. 

3.  Always  unroll  the  cable  from  a  reel  or  coil  since  looping  it  or  the  sides  will  cause 
harmful  kinks. 

4.  Never  use  mechanical  means,  such  as  a  rope  or  chain  fall  to  pull  the  cable  taut. 

5.  Ensure  that  the  cables  or  harnesses  are  protected  from  mechanical  damage  at  all 
times,  especially  in  areas  where  personnel  are  likely  to  step  on  or  otherwise  damage 
the  cable. 

6.  Be  extremely  careful  in  handling  and  bending  cables  in  arctic  type  conditions.  Check 
the  applicable  cable  specification  for  the  allowable  cable  temperature  range. 

All  electrical  cables  located  outboard  of  the  submarine  must  be  fully  protected  and  supported. 

The  outboard  harnesses  on  a  submarine  are  generally  protected  and  supported  by  cable  pans, 
angle  bar,  or  the  superstructure  itself.  The  harnesses  must  be  protected  as  they  have  a  rubber 
jacket  which  is  susceptible  to  damage  in  service  and  at  installation.  The  cables  are  run  in  areas 
where  they  can  be  easily  damaged  by  weld  flash,  sharp  protrusions,  and  personnel  stepping  or, 
or  dropping  objects  on  them.  The  topside  area  is  so  congested  that  personnel  must  us**  existing 
foundations,  equipment  or  other  appendages  to  walk  from  one  arejt/br  another.  Therefore,  all 
outboard  equipment  must  be  nigged  to  withstand  the  hazards  of  tools  and  personnel  working  in 
these  areas.  The  harnesses  must  also  be  protected  and  supported  to  withstand  the  hydrodynamic 
sea  forces  during  submerged  and  surface  operations.  Harnesses  that  are- not  fully  supported  and 
protected  are  subject  to  damage  from  hydrodynamic  forces,  to  jacket  wear  and  erosion  by  rubbing 
against  foundations  or  other  similar  appendages.  “ 
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6.9.3  INSPECTION  AND  HANDLING  O-RINGS  —  O-rings  should  be  handled  with  care  like  all 
other  gaskets.  They,  should  be  kept  packaged  until  ready  for  inspection  and  assembly  to  prevent 
their,  getting  damaged.  All  MIL-SPEC  O-rings  are  delivered  with  the  date- of  manufacture  stamped 
on  Repackage.  AU  O-ring  applications  associated  with  connectors  discussed  in  this  manual  are 
STATIC. 

O-rings  should  be  installed  or  removed  with  the  use  of  a.i  O-ring  tool  fabricated  from  semi-rigid 
plastic,  (see  figure  6-10)  Knives,  picks  and  other  sharp  objects  should  not  be  used  as  they  may 
damage  >the  O-ring  groove  surface  as  well  as  the  O-ring. 

In  the  outboard.electrical  system,  O-rings  are  used  to  seal  plugs  to  receptacles  and  penetrators 
to  the  hull.  Regarding  electrical  connectors,  a  radial  O-ring  gasket  is  located  in  the  receptacle 
and  a  flat  dovetail  grooved  O-ring  is  located  in  the  plug,  (see  figure  6-11)  The  hull.penetrator 
O-rings,  are  located  inboard  and  outboard  of  the  hull  insert  in  triangular  shaped  greaves,  (see 
figure  6r12) 

The  connector :and. the  penetrate*  O-rings  are  provided  with  these  items  when  purchased.  The 
connector  O-rings,  snould  not  be  installed  until  ready  for  service.' The  plug  O-ring  is  installed 
following  the  plug  .wiring  and  molding5operation  just  prior  to  pressure  testing.  The  O-rings  need 
not  .be  replaced  following  the  tests  .-  Barring  damage,  the  O-ring  should  see  long  service  in  this 
application  (at  least  five  years)..  The  O-rings  should  be  lubricated  with  a  very  thin  film  of 
Mli.rL-4343  lubricant  prior  to  installation.  The  ring  grooves  must  be  free  of  dirt  and  other 
foreign-particles  to  obtain, the  desired  seal.  The  O-ring  must  be  visually  examined  before 
installation  to  be  sure  .that  it  is  free  of  nicks,  dents  or  flats  that  would  impair  sealing.  MIL-STD- 
413?"Visual  inspection  guide  fortrubber  O-rings"  shouldbeusedto  determine  the  adequacy  of  the 
O-rings  for  installation  on  a.,vehicie.  Following  a  number  of  years  of  service,  the  O-ring  material 
may  take  on  a.  permanent  set  and  flatten  out dn  the  seal  area.  At  this  time,  the  O-ring  should  be 
replaced. 

With  regard  to  ihe  penetrator ,  the  O-ri'ng  is  compressed  to  a  large  extent  and,  therefore,  takes 
on  a  pei‘;manent  set  more  readilythan  in  the  connectors.  As  hull  watertight  integrity  is  affected 
by  these  seals,  new, gaskets  should  be  provided  each  time  the  fitting  is  removed  from  its  location 
in.thejhull. 

6. 9. 3..  1  STOCKING  AND  ORDERING  O-RINGS  —  When  replacing  an  O-ring,  the  O-ring  drawn 
from  stock  Bhould  be  carefully  handled  and  visually  inspected  for  defects.  MIL-STD-413  aptly 
shows  the  major  defects  that  might  be  found  in  O-ring  manufacture.  MIL-STB-413  must  be 
referred  to  when. inspecting  O-rings.  MIL-STb--177,  "Terms  for  VisiblerDefects  ox  . Rubber 
Products,  "  lists  the  terms  for  the  visible,  defects  of  rubber  products  and,  can  be  of  service  when 
repeating  defects  in  the  manufacturer's. product. 

Basically  -the.  O-ring  should  be  sized  in  accordance  with  the  specifications,  be  free  of  excessive 
flash,  back  rind,  dents,  depressions,  flow  lines,  bad  fillings  which  cause  dents  and  depressions, 


foreign  materials  and  splits.  To  be  recognized  and  appreciated,  these  defects  must  be  viewed  in 
MIL-STD-413,  The  O-ring  cross  section  dimensions  can  be  checked  with  a  micrometer. 

O-rings  are  packaged  in  dated  containers.  Do  not  use  O-rings  that  have  a  cure  date  greater  than 
8  quarters. 

Correct  identification  of  an  O-ring  must  include  its  dimenaions  and  material.  The  size  is  specified 
by  the  designation  of.  standard  ARMY-NAVY  (AN)  or  Military  Standard  (MS)  drawing  number. 

These  drawings  show  the  dimensions  to  which  each  O-ring  size  must  conform.  For  the  watertight 
connectors  used  on  vehicles,  AN6227,  AN6230,  or  ARP568  drawings  are  used  where  possible. 
O-rings  of  these  sizes  are  stocked  in  shipyards  and  Navy  installations. 

The  O-ring  material  specified  in  these  applications  is  a  BUNA-N  compound  which  conforms  to 
MIL-P-5516,  Class  B  and  MIL-P-25732.  The  BUNA-N  material  provides  satisfactory  service 
in  a  salt  water  environment.  For  qualified  suppliers,  see  Qualified  Products  Listing,  QPL-5516. 

6.9.4  SPECIAL  PRECAUTIONS  FOR  EXAMINING  OUTBOARD  HARNESSES  AND  HULL  PENE- 
TRATORS. 

6. 9. 4.1  PLUG  HARNESS  DISCONNECTION  —  Before  disconnecting  an  outboard  plug,  ensure  that 
there  is  sufficient  slack  in  the  cable  in  front  of  the  first  cable  clamp  or  fastener  so;that  the  cable 
is  not  bent  excessively  or  twisted.  If  insufficient  slack  exists,  unclamp  or  unband  the  cable.to 
provide  the  necessary  slack. 

6. 9. 4. 2  PROTECTING  INSTALLED  EXPOSED  CABLES  —  Do  not  open  the  outboard  cable  pans 

or  remove  protective  cable  covers  unless  absolutely  necessary.  If  the  cables  are  exposed,  provide 
temporary  protection  so  that  the  cables  wilLnot  be  damaged. 

6. 9. 4. 3  PROTECTING  REMOVED  CABLES  — —  When  removing  outboard  equipment,  avoid  dragging 
the  cable  around  .sharp  corners  or  edges  and  avoid  contact  with  barnacles  as  this  can  result  in 
damage  to  the  cable  jacket.  Do  not  step  on,  or  drop  objects  on  the  cables  as  this  can  result  in 
damage.  Do  not  use  the  cables  or  plugs  as  handles  to  move  attached  equipment  or  as  points  to 
fasten  lifting  slings  to. 

6. 9.4.4  PROTECTION  OF  SHORE  POWER  EQUIPMENT  —  When  shore  power  is  secured  and 
the  shore  power  cables  are  removed  from  the  ship,  make  sure  the  shore  power  plugs  have  their 
protective  caps  in  place. 

6.9.4. 5  DE-ENERGIZING  CABLES  BEFORE  HANDLING  r-  Do  not  disconnect  outboard  cables 
until  it  has  been  ascertained  that  the  circuit  has  been  de-energized.  In  certain  circuit  designs, 
male  pins  on  receptacles  can  be  electrically  hot  when  disconnected.  This  is  particularly  true  of 
the  Electrical  Hull  Penetrators  and  Junction  Boxes.  In  the  vehicle  maintenance  manual  the  circuits 
in  a  given  penetrator  should  be  identified  to  inform  personnel  doing  the  work  which  circuits  should 
be  de-energized. 

6. 9. 4. 6  CAPPING  PLUGS  AND  RECEPTACLES  —  Whenever  an  outboard  cable  harness  is 
disconnected,  immediately  place  metal  protective  pressure  caps  on  the  plug  and  receptacle  to 


prevent  the  entry  of  foreign  material  and  possible  damage.  The  use  of  metal  or  plastic  dust  caps 
is  not  considered  a  good  practice  bacause  if  left  on  during  a  mission,  they  could  cause  flooding. 

Do  not  disconnect  cables  unless  necessary. 

6. 9. 4. 1  TESTING  PRECAUTIONS  —  Before  meggering  connected  cable  harnesses  or  test  points 
in  the  bull  fitting  terminal  boxes,  be  sure  the  connected  equipment  can  withstand  the  applied  meg¬ 
ger  voltage.  Generally  speaking,  it  is  advisable  to  disconnect  the  harness  at  both  ends  and  obtain 
insulation  resistance  readings.  This  will  locate  the  fault,  if  any.  The  maintenance  manual  should 
give  detail  instructions  for  trouble  shooting  electrical  penetrators  and  harnesses. 

6.9.4. 8  CLEANING  CONTAMINATED  PLUGS  AND  RECEPTACLES  —  In  the  event  the  receptacle 
or  plug  faces  become  contaminated  by  salt  water  or  other  foreign  material,  swab  out  the  receptacle 
or  plug  with  distilled  water,  then  dry  it  with  dry  nitrogen.  Repeat  the  operation  as  necessary  until 
adequate  insulation  resistance  values  are  obtained. 

6.9.4. 9  CONNECTOR  REMATING  PRECAUTIONS  —  Caution  must  be  exercised  when  mating  plug 
to  receptacle  connectors  to  ensure  that  the  proper  plug  is  mated  to  the  proper  receptacle.  If  they 
are  physically  matched,  but  are  electrically  misniatcheu,  damage  to  the  equipment  can  result.  If 
attempts  are  made  to  mate  the  plugs  to  receptacles  having  nonstandard  key  orientations  with  a 
component  that  has  a  standard  key  orientation,  physical  damage  to  the  plug  and/or  receptacle  can 
result.  These  keyway  deviations  may  not  be  readily  discernable  to  the  eye. 

6.9.4. 10  SECURING  EXCESS  OUTBOARD  CABLES  —  When  replacing  an  outboard  cable  harness, 
if  cable  slack  exists;  carefully  coil  this  cable  in  a  protected  area  in  the  ship’s  structur-'  where 

it  will  not  be  exposed  to  excessive  water  turbulence  and  secure  it  with  banding  or  othe.  specified 
fasteners  so  that  it  is  adequately  supported  and  restrained.  Do  no  sheepshank  the  cable  or  bend: 
the  cable  back  on  itself.  Conform  to  the  minimum  bend  radius  for  the  specific  cable  type. 

6.9.4. 11  P.EBANDING  INSTRUCTIONS  —  When  rebanding  cables,  do  not  tighten  the  bands 
excessively  so  that  they  cut  into  or  bunch  tha  cable  jacket. 

6. 9.4. 12  PRECAUTIONS  FOR  INBOARD  END  OF  ELECTRICAL  HULL  PENETRATOR  —  When 
working  on  or  around  the  inboard  end  of  the  electrical  hull  pe  net  rat  or,  use  extreme  care-  The 
inboard  end  should  be  fitted  with  a  protective  cover  immediately  after  penetrator  installation  to 
protect  against  injury  to  contacts.  Bent  or  broken  pins  cannot  be  replaced,  and  the  entire  pene¬ 
trator  will  be  lost  if  such  damage  is  incurred.  If  the  penetrator  has  inboard  pigtails  in  line  of 
contacts,  care  must  be  taken  that  the  pigtails  are  not  damaged  due  to  rough  handling  or  care¬ 
lessness. 

6. 10  FUNCTIONAL  FAILURE  MODES  AND  EFFECTS  ANALYSIS 

A  Failure  Mode  and  Effects  Analysis  (FMEA)  is  an  important  tool  for  an  engineer  in  the  design 
of  a  system  and  its  component''  It  is  a  basic  tool  for  evaluating  a  system  or  component  and 
improving  its  reliability.  Use  of  an  FMEA  at  the  proper  time  during  system  development  can 
reveal  design  deficiencies  which  could  require  costly  design  modifications.  An  FMEA  can  also 


6-56 


point  out  potentially  hazardous  conditions  in.the  design.  One  of  the  best  uses  for  an  FMEA  is 
during  the  formal  design  review  period;  It  is  at  this  time  that  appropriate  engineering  action  can 
b*  taken  to  correct-design  deficiencies. 

"The  purpose  of  the  FMEA  is  to  avoid  costly  modifications  by  ferreting  out  latent  design  and 
operational  deficiencies  in  early  design  and  testing -pluses  or  component  and  subsystem  develop¬ 
ment  and  to  ensure  a  high  level  of  achieved  reliability  before  the  initation  of  quantity  production. 
An  additional  objective  is  the  determination  of  the  critical  failure  modes  that  have  a  serious 
effect  on  the  successful  completion  of  a  mission  and  on  the  safety  of  the  crew  (and  passengers). " 
(reference  10) 

Ah  FMEA  can  best  be  prepared  by  a  reliability  engineer  in  conjunction  with  a  design  engineer. 

The  reliability  engineer  should  work  closely  with  the  applicable  designers  to  benefit  from  their 
knowledge  of  the  system  equipment.  To  be  an  effective  tool,  the  FMEA  should  be  brief,  and 
distributed  to  cognizant  engineering  personnel  for  study  before  each  design  review  and  ensuing 
design  freeze. 

"The  identification  of  weaknesses  in  the  design  is  not  the  end  objective  (in  an  FMEA).  From  the 
analysis,  we  must  determine  corrective  action  to  improve  the  design.  The  FMEA  can  be  used  to 
assess  the  relative  importance  of  the  various  weaknesses  isolated  to  permit  intelligent  application 
of  effort  (time  and  money)  in  selecting  corrective  action. "  (reference  11) 

This  section  covers  the  following  two  areas  of  work: 

a.  A  potential  problem  area  analysis  for  the  DSV  electrical  distribution  system,  and 

b.  A  Functional  Failure  Modes  and  Effects  Analysis  for  connectors,  penetrators  and  junction 
boxes. 

The  potential  problem  area  analysis  which  follows,  consists  of  a  logic  block  diagram  (figure  6-13) 
and  a  number  of  problem  area  tables  (tables  6-13  through  6-28),  covering  the  various  functions 
from  the  inboard  to  outboard  component. 

The  Functional  Failure  Mode  and  Effects  Analysis  contained  in  this  section  relates  specifically 
to  the  connectors,  penetrators,  and  junction  boxes  discussed  in  this  Handbook.  Detail  logic  block 
diagrams  are  included  (figures  6-19  through  6-21)  as  well  as  a  number  of  tables  listing  detail 
failure  nnodes  (tables  6-29  through  6-32). 

Examination  of  the  subsystem/component  interface  logic  block  diagram  (figure  6-19)  reveals  that 
certain  components  and  areas  are  subjected  to  greater  stresses  than  others  during  operational 
use  of  a  DSV.  These  components  include  the  electrical  hull  penetrator,  the  outboard  harness 
(cabling)  assembly,  and  the  outboard  electrical/electronic  equipment. 

The  FFMEA  presented  here  is  a  first  cut  analysis.  As  component  hardware  is  identified  by 
the  designed  for  a  specific  function,  three  additional  columns  should  be  added  to  the  FFMEA 


tables  to  provide  criticality  ratings,  meantime-between-failure  (MTBF)  and  meantime-to-repair/ 
restore.  The  latter  two  columns  enable  the  user  to  identify  the  life  cycles  support  requirements 
for  pressure  proof  deep  submergency  electrical  connectors  and  peneti’ators,  and  to  establish  a 
support  program  that  will  result  in  the  least  life  cycle  costs. 

The  FFMEA  contained  in  this  section  relates  to  the  following  items: 

a.  The  electrical  connector  plug  and  receptacle,  figure  6-14; 

b.  The  electrical  hull  penetrator,  figures  6-15  and  6-17,  and  6-18; 

c.  The  outboard  electrical  junction  box  which  may  (or  may  not  be  mounted  on  the  penetrator 
body  (see  figure  6-16). 

Figures  6-19  through  6-21  cover  the  detail  logic  block  diagrams  for  these  components,  and 
tables  6-29  through  6-32  are  the  simplified  FFMEA  listings. 
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Figure  6-14.  Deep  Submergence  Electrical  Connector  Design  Considerations 
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Figure  6-15.  Deep  Submergence  Electrical  Penefcrator  Design  Considerations 

6-62 


|rjCcn£ftrec 


1 

I 

I 

I 

I 


! 

! 

i 

i 


i 

i 

i 

i 


,  i 
1 Q 

!  'i 

s>  i 


i  < 


I 

I 


'o 


1 

I 

I 

I 

I 

I 


More: 

0ESI6M  CONSIDERATIONS  ARE  SAME 
ASTM05E  SPECIFIED  FOR  TME  PLLKj 
PORTION  OP  THE  CONNECTOR  DESKSM 
EXCEPT  THAT  NO  BOOT  IS  REQUIRED- 


Figure  6-18.  Deep  Submergence  Electrical  Penetrator  Inboard  Plug  Design  Considerations 
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Table  6-14.  Inboard  (Penetrator)  Plug 

Potential  Problem  Area  Analysis 

FAILURE  MODE 

IDENTIFICATION 

FAILURE  MODE/CAUSE 

INHERENT 

INDUCED 

Mgf/Design 

Deficiency 

Material 

Fatigue 

Instl/assy 

Deficiency 

Maintenance 

Deficiency 

Excessive  Oper¬ 
ational  Demands 

Rough 

Handling 

1.  Insulation  breakdown  due  to  water/moisture  entry 

X 

X 

X 

into  plug  internals 

2.  Insulation  breakdown  due  to  foreign  particles  in 

X 

X 

X 

insulator  internals 

3.  Detachment  of  plug  from  penetrator  due  to  explo- 

X 

X 

X 

sion  at  plug/ receptacle  interface  due  to  water 

entry  past  plug-  seals  (short  circuit  fault  current) 

4.  Socket  contacts  not  properly  inserted  in  insulator 

X 

X 

X 

6.  Socket  contacts  not  located  in  proper  center  lines 

X 

X 

6.  Open  circuit  due  to  damaged  or  missing  socket 

X 

X 

X 

X 

X 

contact  spring 

7.  Open  circuit  due  to  potting  compound  in  socket 

X 

X 

X 

contact 

8.  Out  of  tolerance  plug  shell  dimensions 

X 
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Table  6-15.  Inboard  Penetrator  Plug/Inboard  Peneirator  Receptacle  (Interface) 


Potential  Problem  Area  Analysis 


FAILURE  MODE/CAUSE 

INHERENT 

INDUCED 

FAILURE  MODE 

jj-8 

s  s 

IDENTIFICATION 

d 

bp  ^ 

° 

V  0) 

H  .r-4 

C  o 

3  « 
&  3> 

>*  ft 

8| 

>5 

Qi 

c  >> 

3  o 

3  C 

®  E 
<y  *> 

VJ 

m  cl 
c 

h*> 

d 

H  ’H 

A  *-* 
btCO 

II 

l§ 

IS 

Si 

<3  & 

«  S3 

1.  Coupling  ring  or  receptacle  threads  damaged/ 
improperly  machined 

X 

X 

X 

2.  Loosening  of  coupling  ring  due  to  external  shock/ 
vibration 

X 

X 

X 

3.  Interface  corrosion  of  plug  shell/coupling  ring/ 
receptacle  shell 

X 

X 

X 

4.  Improperly  located  or  sized  plug  shell  key/ 
receptacle  shell  keyway 

X 

5.  Improper/overage  gasket  material 

X 

X 

X 

X 

6.  Missing  plug  shell  gasket 

X 

X 

7.  Damaged  plug  shell  gasket 

X 

X 

X 

8.  Loss  of  plug/receptacle  seal  due  to  foreign 
particles  at  interface 

X 

X 

9.  Short  circuit  due  to  foreign  particles  at  plug 
receptacle  interface 

X 

X 

10.  Open  circuit  due  to  oversize  socket  contacts 

X 

X 

11.  Open  circuit  due  to  undersize  pin  contacts 

X 

X 

12.  Open  circuit  due  to  contaminants  in  socket  contact 
cavity 

X 

13.  Open  circuit  due  to  missing/damaged  socket 
contact  springs 

X 

14.  Detachment  of  plug  from  receptacle  due  to  explo¬ 
sion  at  plug/receptacle  interface  as  a  result  of 
water  entry  past  plug  seal  (short  circuit  fault 
current) 

X 

X 

X 
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Table  6-16.  Inboard  Penetrator  Receptacle 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 


Potential  Problem  Area  Analysis 


FAILURE  MODE/CAUSE 


INHERENT 

INDUCED 

FAILURE  MODE 

IDENTIFICATION 

Mgf/Design 

Deficiency 

Material 

Fatigue 

Instl/assy 

Deficiency 

Maintenance 

Deficiency 

Excessive  Oper¬ 
ational  Demands 

Rough 

Handling 

Short  circuit  due  to  contamination  of  pin  contact 
gasket 

X 

X. 

X 

Insulation  breakdown  due  to  moisture  accumulation 
within  receptacle 

X 

X 

X 

X 

Improper  mating  due  to  pin  contact  gasket  thick¬ 
ness  over  tolerance 

X 

Open  circuit  due  to  undersize  diameter  pin  contact 

X 

Pin  contacts  not  located  in  proper  centerline  thus 
preventing  proper  plug  mating 

X 

X 

Bent  pin  contacts  preventing  proper  mating  with 
plugs 

X 

X 

X 

Cracked  or  defective  pin  contact  glass  insulator 

X 

X 

X 

X 

X 

X 

Improperly  bonded  pin  contact  gasket  thus  lower¬ 
ing  insulation  resistance 

X 

1 

Contaminated/corroded  pin  contact  plating  causing 
defective  electrical  contact 

X 

X 

Out  of  tolerance  receptacle  shell  dimensions 

X 

Damaged/out  of  tolerance  receptacle  k.eyways 

X 

X 

X 

Damaged  receptacle  seal  surfaces 

X 

Overloaded  circuit  leading  to  insulation  breakdown 
o!  pin  contact 

X 

Pin  contact  insulation  breakdown  due  to  contami¬ 
nated  material 

X 

Fatigue/collapse  of  receptacle  web  section  due  to 
hydrostatic  pressure 

X 

1 

X 

X 

Table  6-16.  (cont'd) 


1 


Potential  Problem  Area  Analysis 

I 

FAILURE  MODE/CAUSE 

f 

INHERENT 

INDUCED 

1 

I 

1 

FAILURE  MODE 

IDENTIFICATION 

Mgf/Design 

Deficiency 

Material 

Fatigue 

Instl/assy 

Deficiency 

Maintenance 

Deficiency 

_ 

Excessive  Oper¬ 
ational  Demands 

Rough 

Handling 

1 

16.  Seawater  entry  into  hull  due  to  improper  seal  of 
pin  contacts  to  web  section  (following  failure  of 
primary  conductor  seals) 

X 

I 

17.  Improper  or  overage  primary/secondary  O-ring 
material 

X 

X 

X 

I 

18.  Damaged  primary/secondary  receptacle  - 
penetrator  O-rings 

X 

X 

X 

: 

f 

19.  Missing  primary/secondary  receptacle  - 
penetrator  O-rings 

X 

X 

20.  Improper  O-rings  groove  design 

X 

X 

X 

X 

1 

21.  Loss  of  receptacle  -  penetrator  seal  due  to 
damaged  O-ring  seal  surfaces  and  grooves . 

' 

1 

I 

22.  Collapse  of  penetrator  shell  due  to  hydrostatic 
pressure  on  web  section 

X 

X 

X 

1 

ji 

1 

jl 
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Tabel  6-17.  Inboard  Penetrator  Receptacle/Penetrator  Wiring  (Interface) 


Potential  Problem  Area  Analysis 


FAILURE  MODE 
IDENTIFICATION 


FAILURE  MODE/CAUSE 


INHERENT 


c 

bo  *>i 

g  8 

S -2 


.S3  <x> 

S& 


INDUCED 


W  m 


(1)  .g 


;  q> 
;  Q 


Sl 

*8 

0)  0) 

to  d 
a>  c 
u  o 


2 


•C  S 
3C 

SS 


1.  Improper  crimp  joint  between  wire  and  contact 

2.  Open  circuit  between  wire  and  receptacle  contact 

3.  Conductor  insulation  breakdown  due  to  foreign 
particles  in  insulator  material 

4.  Insulation  breakdown  due  to  circuit  overloading 

5.  Contaminated/corroded  contact  plating 

6.  Damaged/missing  socket  contact  spring 


X 

X 

X 

X 


X 

X 

X 


X 

X 

X 
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Table  6-18.  Penetrator  Wiring 


Polential  Problem  Area  Analysis 


FAILURE  MODE/ CAUSE 


INHERENT 


INDUCED 


FAILURE  MODE 
IDENTIFICATION 


1.  Conductor  insulation  breakdown  due  to  current 
overload  conditions 

2.  Insulation  breakdown  due  to  contaminated  potting 
materials 


a  a>  »  5 

S3 


3.  Potting  material  or  pin  contact  insulation  break-  X 
down  due  to  moisture  accumulation  at  web  section 
interfaces 

4.  Open  circuit  due  to  undersize  diameter  pin  contact  X 

5.  Open  circuit  due  to  missing  or  damaged  socket 
contact  springs 

6.  Damaged  pin  contact  insulators 

7.  Open  circuit  due  to  insulating  material  at  pin-  X 

socket  contact  interface 

8.  Open  circuit  due  to  use  of  oversize  socket  contact  X 

9.  Open  circuit  due  to  improper  crimp  joint  between  X 

conductor  and  socket  contact 

10.  Explosion  in  penetrator  cavity  as  a  result  of  water  X 
entry  into  cavity  (short  circuit  fault  current) 


X  X 


I 

I 

K 

1 

I 

I 

I 

I 


I 

I 

1 

I 

1 

I 

1 

1 


Table  6-20.  Outboard  Penetrator  Receptacle 


Potential  Problem  Area  Analysis 


FAILURE  MODE/CAUSE 

INHERENT 

INDUCED 

FAILURE  MODE 

IDENTIFICATION 

Mgf/Design 

Deficiency 

Material 

Fatigue 

Instl/assy 

Deficiency 

Maintenance 

Deficiency 

Excessive  Oper¬ 
ational  Demands 

Rough 

Handling 

1.  Withstanding  voltage  breakdown  of  pin  contact 
insulation  due  to  circuit  overloading 

X 

n 

2.  Pin  contact  insulation  breakdown  due  to  contami¬ 
nated  material 

X 

3.  Open  circuit  due  to  undersize  pin  contact 

X 

4.  Insulation  breakdown  due  to  water/moisture 
accumulation  at  pin  contact  web  face 

X 

X 

X 

5.  Insulation  breakdown  due  to  contaminated  pin 
contact  face  gasket 

X 

X 

X 

X 

6.  Pin  contact  gasket  out  of  tolerance  thickness 
preventing  proper  plug  mating 

X 

7.  Open  circuit  due  to  contaminated  pin  contact 
plating 

X 

8.  Open  circuit  due  to  misaligned  pin  contacts 

X 

X 

9.  Insulation  breakdown  due  to  improperly  bonded 
pin  contact  gasket 

X 

X 

10.  Pin  contact  gasket  insulation  breakdown  due  to  use 
of  improper  cleaning  solvents 

X 

X 

11.  Out  of  tolerance  dimensions  on  penetrator  shell 
(receptacle)  and  polarizing  ring 

X 

12.  Undersize,  oversize,  or  damaged  receptacle 
keyway s  preventing  proper  contact  alignment 

X 

X 

X 

X 

13.  Fatigue/collapse  of  penetrator  shell  (receptacle) 
due  to  hydrostatic  pressure 

X 

X 

X 

14.  Seawater  entry  into  penetrator  internals  due  to 
improper  seal  of  pin  contacts  to  shell  -  (following 
failure  of  plug  to  receptacle  seals) 
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Table  6-22.  CXitboard  Penetrator  Receptacle/ Outboard  Penelralor  Plug  (Interface) 


Potential  Problem  Area  Analysis 


FAILURE  MODE/CAUSE 


INHERENT 


INDUCED 


FAILURE  MODE 
IDENTIFICATION 


1.  Detachment  of  plug  from  receptacle  due  to  explo-  X 
sion  at  plug/receptacle  interface  due  to  seawater 
entry  past  primary  and  secondary  seals  (short 
circuit  fault  current) 

2.  Loss  of  pin  contact  receptacle  seals  due  to  explo-  X 
sion  at  plug/receptacle  interface  due  to  seawater 
entry  past  primary  and  secondary  seals  (short 
circuit  fault  current) 

3.  Bent  pin  contact  preventing  proper  mating  of  X 

receptacle  and  plug 

4.  Oversize  thickness  of  pin  contact  gasket  preventing  X 
proper  matiitg  of  plug  to  receptacle 

5.  Short  circuit  due  to  contamination  of  pin  contact  X 
gasket 

6.  Open  circuit  due  to  oversize  socket  contact  or  X 

undersize  pin  contact 

7.  Open  circuit  due  to  potting  compound  or  other  X 

foreign  material  inside  socket  contacts 

8.  Improper  electrical  contact  due  to  contamination  X 
or  corroded  pin  or  socket  contact 

9.  Fatigue  and  collapse  of  receptacle  or  plug  shell  X 

10.  Deficient  mating  of  plug-to-receptacle  due  to  plug/  X 
receptacle  out  of  tolerance  dimensions 

11.  Improper  plug-receptacle  mating  due  to  dislodged,  X 
improper  size  or  poorly  aligned  receptacle  keys 

12.  Damaged,  improperly  located  or  sized  keyway  in  X 
plug  shell  preventing  proper  mating 


Table  6-22.  (coat'd) 


L  _ _ 

J  Potential  Problem  Area  Analysis 


FAILURE  MODE/ CAUSE 


INHERENT 

INDUCED 

FAILURE  MODE 

IDENTIFICATION 

Mgf/Design 

Deficiency 

Material 

Fatigue 

Instl/assy 

Deficiency 

Maintenance 

Deficiency 

Excessive  Oper¬ 
ational  Demands 

I  Rough  ] 

1.  Handling 

13.  Improper  or  overage  primary/secondary  O-ring 
material 

X 

X 

X 

14.  Damaged  primary/secondary  O-ring  gaskets 

X 

X 

15.  Missing  primary/ secondary  O-rings 

X 

X 

16.  Loss  of  plug/receptacle  seal  due  to  deformities  of 
O-ring  grooves 

X 

X 

X 

X 

17 .  Loss  of  plug/ receptacle  seal  due  to  contaminated 
O-ring  surfaces 

X 

X. 

- 

18.  Material  incompatability  of  plug  and  receptacle 
shell  interface 

X 

19.  Material  incompatability  of  coupling  ring/plug 
shell/receptacle  shell 

X 

20.  Damaged  threads  in  coupling  ring  or  receptacle 
shell 

X 

X 

x 

21.  Excessive  torque  on  coupling  ring  causing  recep¬ 
tacle  to  be  torn  from  mounting  surface 

X 

22.  Coupling  ring/receptacle  shell  out  of  tolerance 
dimensions 

23.  Loosening  of  coupling  ring  due  to  external  shock 
or  vibration  forces 

X 

X 

X 

24.  Damaged  coupling  ring  preventing  proper  plug 
mating 

X 

X 

X 

25.  Improper  size  or  damaged  backup  rings  preventing 
proper  plug  mating 

X 

X 

X 

X 

26.  Corrosion  of  plug  coupling  ring/receptacle  shell 
preventing  proper  mating 

X 
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Table  0-23.  CXit  board  Pe  Ultra  for  and  Component  Plug 


Potential  Problem  Area  AiU'fysis 


FAILURE  MODE/CAUSE 


INHERENT 


INDUCED 


FAILURE.  MODE 
IDENTIFICATION 


1.  Withstanding  voltage  breakdown  of  pin  contact 
insulation  due  to  circuit  overloading 

2,  Pin  contact  insulation  breakdown  due  to  contami¬ 
nated  material 


■  tf) 
U  *rj 


3.  Open  circuit  due  to  undersize  diameter  pin  contact  X 

4.  Insulation  breakdown  due  to  water/moistu re  X 

accumulation  at  pin  contact  web  face 

5.  Insulation  breakdown  due  to  contaminated  socket  X 
contact  insulators 

6.  Socket  contact/pin  contact  out  of  alignment  X 

preventing  proper  mating 

7.  Open  circuit  due  to  contaminated  contact  plating  X 

8.  Out  of  tolerance  dimensions  on  receptacle  shell  X 

9.  Fatigue  or  collapse  of  plug  shell  due  to  hydro-  X 
static  pressure 

10.  Damaged,  improperly  located  or  sized  keyway  in  X 
in  plug  shell  preventing  proper  mating 

11.  Plug  shell  damage  in  area  of  secondary  X 

(receptacle)  O-ring 

12.  Damage  to  plug  thrust  washer 

13.  Socket  contact  not  properly  inserted  in  insulator 

14.  Seawater  entry  into  plug  -  receptacle  cavity  due  to  X 
improper  seal  of  pin  contacts  to  plug  shell  (follow¬ 
ing  seawater  entry  into  rear  of  shell) 

15.  Electrical  insulator  failure  due  to  vise  of  improper 
cleaning  solvents 


X  X 


X  X 


X  X 
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'able  6-25.  Penelralor/Pressurc  Hull  (Interface) 


Potential  Problem  Area  Analysis 


FAILURE  MODE 
IDENTIFICATION 


FAILURE  MODE/CAUSE 


INHERENT 


i  r 


Defective  tlireads  (machining)  in  penetrator  X 

retaining  nut/operator  shell 

Material  incompatability  at  retainer  nut/ penetrator  X 
shell  interface 

Penetrator  shell/retainer  nut/washer/seal  ring  X 

with-out  of  tolerance  dimensions 

Loosening  of  retainer  nut.  caused  by.  external  X 

shock/vibratioa  forces 

Penetrator  retainer  nut  fracture  X 

Corrosion  of  pressure  hull/ penetrator  shell  due  X 

to  material  incompatability 

Washer  fracture  X 

Seal  ring  fracture  X 

Improper  or  overage  primary/seebndary  O-ring  X 
material 

Damaged  primary/secondary  penetrator  - 
pressure  hull  O-rings 

Missing  primary/secondary  penetrator  -  pressure 
hull  O-rings 

Loss  of  penetrator  -  pressure  hull  seal  due  to 
contaminated  O-ring  surfaces 

Loss  of  penetrator  -  pressure  hull  seal  due  to 
damaged  O-ring  seal  surfaces  and  grooves 

Improper  O-ring  groove  design  X 


ll  *§ 


XXX 


X  X 
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Table  6>25.  (eo»t‘ .') 


Excessive  Oper¬ 
ational  Pernands 


Table  G-26.  I'enel  rater  Junction  Hox/Penetrulor  (Interlace) 

|  Potential  Problem  Area  Analysis 

*  * 

FAILURE  MODE/CAUSE 

INHERENT 

INDUCED 

\ 

j  FAILURE  MODE 

IDENTIFICATION 

Mgf/Design 

Deficiency 

.;{  «• 
h 

•S  r. 

*5  :• 

>>  h* 

n 

rt  .2 
>  o 
-“S3 

-•  <ii 

►S.Q 

Maintenance 

Deficiency 

Excessive  Oper¬ 
ational  Demands 

Rough 

Handling 

1.  Detachment  of  junction  box  from  penetrator  due 
to  impact  force 

X 

X 

2.  Detachment  of  junction  box  from  penetrator  due 
to  explosion  at  plug/receptacle  interface  due  to 
seavrater  entry  past  primary  and  secondary  seal 
(short  circuit  fault  current) 

X 

X 

X 

3.  Bent  pin  contact  preventing,  proper  mating  of 
receptacle  and  plug 

x 

X 

X 

X 

- 

4.  Oversize  thickness  of  pin  contact  gasket  prevent¬ 
ing  proper  mating  of  plug  to  receptacle 

5.  Open  circuit  due  to  oversize  socket  contact  and 
undersize  diameter  of  pin  contact 

X 

X 

6.  Improper  mating  of  plug  to  receptacle  due  to 
plug/receptacle  but  of  tolerance  dimensions 

X 

7.  Improper  junction  box-penetrator  mating  due  to 
dislodged,  improper  size  or  improperly  aligned 
keys  ana  keyways 

8.  Improper-  or  overage  primary/secondary  O-ring 
materials 

X 

X 

X 

9.  Damaged  primary/secondary  O-ring  gaskets 

X 

X 

X 

10.  Missing  primary/secondary  O-rings 

X 

X 

11.  Loss  of  seals  due  to  deformities  of  O-ring  grooves 

X 

X 

X 

X 

12.  Loss  of  O-ring  seals  due  to  contaminated  O-ring 
surfaces 

X 

X 

X 

13.  Improper  O-ring  groove  design 

X 

1 

1 


m 


I 

1 

l 

I 

I 

l 

1 

! 


V  3 


V. 


l> 


I 

I 

X 

1 

1 


Table  6-27.  Penetrator  Junction  Box 


Potential  Pi  cb.em  Area  Analysis 


FAILURE  MODE/ CAUSE 


INHERENT 


FAILURE  MODE 
IDENTIFICATION 


c 

to 

W 

o 

o 


>»: 

O 

g  '&  « 

2  *  I 


X.  Fracture/collapse  of  junction  box  cover  due  to 
hydrostatic  pressure 

2.  Fracture/collapse  of  junction  box  cover  due  to 
material  fatigue 

3.  Improper  or  overage  primary/secondary  0-ring 
material  on  cover  -  receptacle  seals 

4.  Damaged  primary/secondary  O-rings  on  cover  - 
receptacle  seals 

5.  Missing  primary/secondary  O-rings  on  cover  - 
receptacle  to  penetrator  interface  seals 

6.  Loss  of  cover  -  receptacle  seals  due  to  damaged 
O-ring  seal  surfaces  and  grooves 


7.  Improper  O-ring  groove  design 

8.  Material  incompatability  of  cover,  receptacle, 
and  junction  box  shell 

9.  Dimensions' out  of  tolerance  on  cover  and  junction 
box  shell 

10.  Material  incompatability  of  receptacle  screws 
with  junction  box  shell 

11.  Detachment  of  junction  box  from  penetrator  due 
to  impact  force 


X 

X 


INDUCED 


«  a 

»  § 

<2  <u 


x 

X 

X 

X 


o» 

c  » 

rt  ° 

2  *s 

o  «> 

e  <d 
— !  d 
a> 


St 
is 
s  a 

O  O 

*  a 

w  « 


x 

X 

X 

X 


to 

c 

-C  r- 
fcO'O 
3  C- 
O  r* 

«  W 


X 
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Table  fi-28.  Pehclrator  Junction  llox  Wiring 

Potential  Problem  Area  Analysis 

FAILURE  MODE 

IDENTIFICATION 

i  ■ 

FAILURE  MODE/CAUSE 

INHERENT 

INDUCED 

Mgf/Design 

Deficiency 

Material 

Fatigue 

Instl/assy 

Deficiency 

Maintenance 

Deficiency 

Excessive  Oper¬ 
ational  Demands 

Rough 

Handling 

i.  Conductor  insulation  breakdown  due  to  current 

X 

overload  conditions 

2.  Insulation  breakdown  due  to  contaminated  potting 

X 

materials 

3.  dotting  material  or  pin  contact  insulation  break- 

X 

- 

X 

X 

down  die  to  moisture  accumulation  at  web  section 

interface 

4.  Open  circuit  due  to  under  size  diameter  pin 

X 

contact 

5.  Open  circuit  due  to  missing  or  damaged  socket 

X 

X 

X 

contact  springs 

6.  Damaged  pin  contact  insulators 

X 

X 

X 

7.  Open  circuit  due  to  contaminating  insulating 

X 

X 

X 

material  at  pin  -  socket  contact  interface 

8.  Open  circuit  due  to  use  of  oversize  socket  contact 

X 

X 

X 

9.  Open  circuit  due  to  improper  crimp  joint  between 

X 

X 

conductor  and  socket  contact 

- 

10.  Explosion  in  penetrator  cavity  as  a  result  of  water 

X 

X 

entry  into  cavity  (short  circuit  fault  current) 
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Table  6-30.  Simplified  Function  Failure  Mode  and  Effect  Analysis 
Electrical  Connector  Plug  _ • _ 
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For  a  better  understanding  of  the  terminology  used  in  this  report,  the  following  glossary  is 
presented.  Rather  than  compiling  one  list  of  terms,  the  nomenclature  is  separated  into  three 
categories.  The  categories  are: 

1,  1  Connector  Plug 

1.2  Connector  Receptacle 

1.3  Hull  Penetrator 

Accompanying  each  category  at  its  close  are  drawings  of  a  hypothetical  component  showing  the 
relative  location  of  the  parts  and  items  described  in  the  text.  The  components  depicted  are  for 
purposes  of  illustration  only. 
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1.1  CONNECTOR  PLUG 


BARREL  CHAMFER  -  Leveled  edge  on  a  terminal  or  socket  contact  which  allows  easier  entry 
of  the  conductor  or  a  pin  contact. 

BRAIDED  SHIELD  -  A  flexible  conductor  or  radiation  shield  in  a  cable  made  of  woven  or  braided 
assembly  of  fine  wires. 

BUSHING  -  An  adapter  used  in  a  plug  assembly  to  reduce  an  entry  hole  to  one  of  smaller  diameter. 
BUSHING  RETAINING  CAP  -  A  device  used  to  secure  a  bushing  in  a  plug  shell. 

COAXIAL  -  Conductors  or  contacts  arranged  concentrically. 

CONDUCTOR  -  A  wireor  combination  of  wires  not  insulated  from  one  another,  suitable  for 
carrying  a  single  electric  current. 

CONDUCTOR  BARREL  -  The  portion  of  the  terminal  or  contact  which  accommodates  the  conductor. 

CONDUCTOR  ENTRY  CUTOUT  -  The  portion  of  a  right  angle  plug  shell  through  which  the  insulated 
conductors  pass  into  the  assembled  rear  insulator  cavity. 

CONDUCTOR  INSULATION  -  The  dielectric  portion  of  the  insulated  conductor  whose  function  is  to 
isolate  conductors  from  one  another  and  adjacent  metallic  parts. 

CONTACT  -  .The  conductive  element  in  a  connector  which  makes  actual  contact  for  the  purpose  of 
transferring  electrical  energy. 

CONTACT  RETAINER  CLIP  -  A  spring  device  usually  suu  ounding  the. contact  which  locks  the 
contact  in  the  insulator,  bore. 

COUPLING  RING  LOCKWIRE  -  A  wire  used  to  secure  the  coupling  ring  against  uncoupling  rotation. 

COUPLING  RING  -  A  device  fitted  to  the  plug  assembly  which  engages  and  disengages  the  plug 
with  the  receptacle. 

COUPLING  RING  FLANGE  -  The  annular  protrusion  part  of  the  plug  shell  against- which  the 
coupling  ring  bears  as  it  is  engaged  with  the  receptacle. 

COUPLING  RING  SHOULDER  -  The  innermost  part  of  the  coupling  ring  which  bears  on  the  shell 
coupling  ring  flange. 

COUPLING  RING  THRUST  WASHER  -  A  thin  annular  bearing  member  fitted  between  the  coupling 
ring  and  the  molded  plug/cable  seal  which  facilitates  rotation  of  the  coupling  ring  in  the  process 
of  unmating  the  connector. 

DOVETAIL  -  The  angular  flange  on  the  plug  shell  over  which  the  primary  seal  fits  and  is  retained. 

END  CAP  -  A  protective  closure  fitted  .to  the  axial  rear  opening  of  a  right  angle  plug  shell. 

END  CAP  RETAINING  RING  -  The  spring  locking  device  used  to  secure  the  end  cap  to  the  plug 
shell. 

ELECTRICAL  CABLE  -  An  arrangement  of  insulated  conductors  bundled  together  and  covered 
with  a  jacket  or  sheath.  The  cable  may  contain  shielding  braids;  and  fillers  to  assure  a  round 
cable  cross  section. 


ELECTRICAL  CABLE  JACKET  -  The  outermost  elastomeric  or  plastic  protective  covering  of  a 
cable;  also  referred  to  as  sheath  . 

FRONT  INSULATOR  -  The  dielectric  body  containing  an  arrangement  of  axially  boredholes  into 
which  the  contacts  are  fitted  and  retained. 

INNER  CONDUCTOR  SOCKET  CONTACT  -  The  innermost  contact  of  a  coaxial  contact  plug. 

INSPECTION  HOLE  -  A  small  hole  near  the  base  of  the  contact  conductor  barrel  which  allows 
visual  assurance  that  the  conductor  is  fully  seated  in  the  barrel  prior  to  joining. 

INSULATION  BARREL  -  The  portion  of  the  terminal  or  contact  which  accommodates  the  insulated 
conductor. 

INSULATOR  -  A  dielectric  -component  of  a  connector  which  is  used  to  insulate  pin  and  socket 
contacts. 

INSULATOR  BORE  -  The  hole  in  the  insulator  into  which  the  socket  contact  is  assembled  and 
retained. 

INSUIATOR  SEAL  -  A  film  of  elastomeric  compound  used  to  cover  the  spaces  between  the 
insulator  bore  and  the  conductor  within  to  prevent  flow  of  molding  compound  through  the  bores 
arid  into  th'\  socket  contacts. 


INSULATOR  THRUST  SHOULDER  -  A  projecting  surface  on  the  front  insulator  which  resists  the 
axial  load  caused  by  hydrostatic  pressure  acting  at  the  rear  face  of  the  plug. 

MOLDED  PLUG  TO  CABLE  SEAL  (OR  MOLDED  BOOT)  -  The  elastomeric  or  plastic  sleeve 
molded  onto  a  plug  and  cable  assembly  whose,  primary  function  is  to  seal  the,  junction  against  the 
seawater  environment. 

OUTER  CONDUCTOR  -  The  outside  conductor  in  a  coaxial  cable. 

OUTER  CONDUCTOR  SLEEVE  -  The  cylindrical  member  which  connects  the  outer  conductor  to 
the  cable  and  to  the  plug  outer  conductor  spring  contact. 

OUTER  CONDUCTOR  SPRING  CONTACT  -  The  outermost  contact  of  a  coaxial  plug  usually  of 
multiple  construction. 

PLUG  -  The  male  component  of  a  connector  set,  the  front  part  of  which  fits  into  the  receptacle. 

The  enclosed  contacts  ma.y  be  either  pins  or  sockets.  The  plug  is  usually  that  portion  of  the 
connector  set  which  is  affixed  to  the  cable. 

PLUG  SEAL  ENTRY  BEVEL  -  A  chamfered  shoulder  on  the  plug  nose  outer  surface  which  provides 
ari  easy  entry  into  the  receptacle  O-ring  secondary  seal. 

PLUG  SHELL  -  The  body  of  the  plug  which  houses  and  properly  positions  the  insulator  assembly 
and  associated  wiring. 

PLUG  SHELL  NOSE  -  That  portion  of  the  plug  shell  forward  of  the  bearing  face  which  fits  into  the 
plug  cavity  in  the  receptacle. 

PLUG  SHELL  SHANK  -  That  portion  of  the  plug  3hell  to  the  rear  of  the  coupling  ring  flange  to 
which  the  molded  plug/cable  seal  is  attached. 

POLARIZING  KEYWAY  -  A  slot  in  a  plug-shell  designed  to  accommodate  the  mating  receptacle 
key.  It  provides  proper  relative  angular  alignment  of  the  mating  members. 
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PRIMARY  SEAL*  -  The  sealing  element  of  a  mated  connector  or  penetrator  which  19  normally 
in  contact  with  the  environmental  medium  against  which  it  must  seal. 

PROTECTIVE  COVER  -  A  non-pressure  proof  cover  fitted  to  a  plug  or  receptacle  whose  primary 
function  is  to  protect  against  mechanical  damage  and  contamination  by  dirt,  or  other  foreign 
objects. 

REAR  INSULATOR  -  A  dielectric  bushing  which  also  serves  as  a  spacer  to  hold  the  front  insulator 
against  the  thrust  shoulder  of  the  plug  shell. 

REAR  INSULATOR  CAVITY  -  The  internal  void  of  the  rear  insulator  which  accommodates  the 
insulated  conductors. 

SHIELD  CRIMP  FERRULE  (SHIELD  CRIMP  TERMINAL)  -  The  metallic  shells  designed  to  be 
uned  in  pairs,  and  of  such  size  that  one  rests  concentrically  within  the  other.  Applied  one  under 
and  one  over  the  turned-back  shield,' the  shell  pair  is  crimp-locked  to  the  shield  using  a  special 
crimping  tool. 

SHRINKABLE  TUBING  INSULATIGN  -  A  dielectric  sleeving  obtainable  in  a  variety  of  sizes  and 
materials.  Upon  exposure  to  heat  the  tubing  is  capable  of  shrinking  radially  up  to  half  of  its 
original  diameter.  It  is  used  primarily  to  cover  conductor  splices  or  junctions. 

SOCKET  -  The  bore  or  opening  in  the  contact's  front  portion  which  accommodates  the  mating 
pin  contact. 

SOCKET  CONTACT  -  A  contact  having  a  female  engagement  end  which  will  accept  a  male  pin 
contact. 

SPANNER  WRENCH  ENGAGEMENT  HOLE  -  The  hole  into  which  the  spanner  wrench  pin  fits  to 
tighten  or  loosen  the  coupling  ring. 


♦Primary  seals  are  normally  identified  by  a  prefix  which  denotes  the  components  being  sealed 
(e.g.  cover  to  head  primary  seal).  These  are  identified  in  the  accompanying  figures. 
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Figure  A-l-2.  Removable  Type  Socket  Contact  Nomenclature 
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Figure  A-l-3.  Coaxial  Contact  Plug  Nomenclature 


1.2  CONNECTOR  RECEPTACLE 


CONTACT  GASKET  -  A  cured  dielectric  sealant  usually  poured  into  the  base  of  the  receptacle 
cavity.  Its  purpose  is  manifold;  however,  its  major  significance  is  in  isolating  the  contact  root 
usually  deficient  in  plating  material  and  hermetic-seal  from  the  environment. 


CONTACT  RELIEF  -  The  front  recess  distance  between  the  receptacle  seal  face  and  the  front 
extremity  of  the  contact. 

CONTACT  ROOT  -  The  annular  surface  area  of  a  pin  contact  in  the  immediate  vicinity  of  the 
hermetic  glass  seal. 

COUPLING  RING  THREAD  -  The  external  thread  on  the  receptacle  which  is  engaged  by  the 
coupling  ring  of  the  plug  for  purposes  of  mating  and  unmating  the  pair. 

FRONT  CAVITY  -  The  void  in  the  front  part  of  the  receptacle  which  accommodates  the  plug  nose. 

GLASS  BEAD  -  The  hollow  cylinder  glass  preforms  as  it  exists;  prior  to  the  contact  fusing 
operation. 

HERMETIC  GLASS  SEAL  -  The  compression  sealed  glass  bead  following  the  operation  in  which 
it  is  fused  to  the  contact. and  the  receptacle  web  or  header  insert. 

LOCKNUT  -  An  internally  threaded  ring  which  screws  into  the  rear  portion  of  a  locknut  type 
receptacle  and  secures  <it  to  a  bulkhead  bored  to  receive  the  assembly. 

PIN  CONTACT  -  A  male  contact  having  an  engagement  end  that  enters  into  a  socket  contact. 

PROTECTIVE  COVER  -  Cf.  "protective  cover"  in  section  1.  L 

POLARIZING  KEY  -  A  projection  inside  the  receptacle  bore  which  engages  a  corresponding  plug 
keyway.  Together  they  provide  proper  relative  angular  alignment  about  the  axis  of  the  mating 
connector  set. 

REAR  CAVITY  -  The  void  volume  in.  the  back  side  of.a  receptacle  bounded  by  the  inner  wall, 
rear  face  of  the  web,  and  the  rear  surface  of  the  receptacle. 

RECEPTACLE  -  The  female  component  of  a  connector  set,  the  cavity  of  which  accommodates  the 
plug  shell  nose.  The  receptacle  is  normally  the  fixed  member  of  the  connector  set;  hard  mounted 
to  a  component. 

RECEPTACLE  REAR  SURFACE  -  The  extreme  rear  face  of  a  receptacle. 

RECEPTACLE  SEAL  FACE  -  The  front  surface  of  a  receptacle  which  provides  a  seal  surface  for 
a  plug  mounted  sealing  gasket. 

RECEPTACLE  SEAL  RING  -  An  annular  ring  which  fits  between  the  locknut  and  parent  member 
(bulkhead,  penetrator  wall)  and  provides  a  seal  surface  for  the  connector/penetrator  secondary 
O-ring  gasket. 

RECEPTACLE  SHELL  -  The  main  portion  of  the  receptacle  which  houses  and  protects  the  contact. 


RECEPTACLE  STYLE  -  The  general  configuration  of  a  receptacle  which  better  suits  it  to  one 
type  of  mounting  than  another.  The  various  styles  are: 

a.  Straight  welded 

b.  Flange  welded 

c.  In-line 

d.  Bolted  mid-flange 

e.  Bolted  end-flange 

f.  Locknut 

g.  Union 

REMOVABLE  HEADER  INSERT  ASSEMBLY  -  A  circular  disc  into  which  the  pin  contacts  are 
hermetically  sealed.  The  header  insert  is  the  counterpart  of  the  web  in  a  receptacle  of 
integral  construction. 

SECONDARY  SEAL*  -  The  redundant  sealing  element  of  a  mated  connector  which  is  normally 
not  in  contact  with  the  environmental  medium  and  only  sees  service  should  the  primary  seal  fail. 

SOLDER  POT  -  A  small  cuplike  vessel  at  the  rear  extremity  of  a  contact  designed  to  accommodate 
the  stripped  end  of  an  insulated  conductor  and  retain  the  mass  of  fused  solder  used  in  joining  the 
two. 

TAILPIECE  -  An  adapter  threaded  to  the  rear  portion  of  a  receptacle  which  increases  its  overall 
length  ::nd  provides  a  larger  bending  surface. 

WALL  -  That  portion  of  a  bpdy  or  shell  between  the  outside  surface  and  the  plug  cavity  or  the 
outside  surfaceand  the  rear  cavity. 

WEB  -  The  portion  of  the  body  that  forms  the  cross  member  which  retains  the  contacts.  The  web 
is  integral  with  the  receptacle  wall. 


*Secondary  seals  are  normally  identified  by  a  prefix  which  denotes  the  components  being  sealed, 
e.  g. ,  cover  to  head  secondary  seal.  The  various  secondary  seals  are  identified  in  the  accompany¬ 
ing  figures. 
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Figure  A-l-4.  Connector  Receptacle  Nomenclature 
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Figure  A-l-5. 
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1. 3  HULL  PENETRATOR  ASSEMBLY 


DOUBLE  ENDED  PIN  CONTACT  -  A  pin  contact  having  two  male  engagement  ends. 

GLAND  NUT  -  A  threaded  member  which,  when  tightened,  compresses  a  rubber  grommet  type 
seal  assembly. 

GROMMET  -  An  elastomeric  seal  component  usually  containing  hole(s)  through  its  central  portion 
through  which  insulated  conductors  or  cables  pass  and  against  which  the  seal  is  made. 

GROMMET  RETAINING  PLATE  -  A  disc  situated  on  both  front  and  rear  face  of  a  grommet  seal 
which  tends  to  distribute  the  sealing  thrust  of  the  gland  nut  evenly  over  the  grommet,  and  prevents 
grommet  extrusion  into  cavities  which  would  allow  seal  loss. 

HEADER  INSERT  THREADED  RETAINER  SLEEVE  -  A  short  cylindrical  member  having  external 
threads  which  screws  into  the  penetrator  body  shank  (front  and/or  rear).  It  serves  as  a  retainer 
for  the  removable  header  insert. 

HEADER  POLARIZING  PIN  -  A  key -type  element  situated  on  the  header.  It  engages  the  corre¬ 
sponding  keyway  or  slot  in  the  penetrator  shell  providing  a  contact  arrangement  with  the  plug 
polarizing  member  also  in  the  penetrator  shell. 

HULL  INSERT  -  A  structural  member  used  to  reinforce  the  hull  plate  in  the  immediate  vicinity 
of  a  hole  through  the  hull.  It  most  often  is  a  thick  walled  cylinder  welded  into  the  huil  hole. 

INBOARD  AND  OUTBOARD  HEADER  ASSEMBLY  -  (Cf.  header  assembly). 

INBOARD/OUTBOARD  PLUG  ASSEMBLY  -  Cf.  plug  in  section  1. 1. 

INNER  CONTACT  .PIN  -  The  innermost  contact  of  a  coaxial  penetrator. 

INSULATOR  ASSEMBLY  -  A  component  fabricated  from  a  dielectric  material  and  housing  contacts 
(pin  and/or  socket)  and  conductors.  Each  of  the  latter  elements  may  or  may  not  be  removable 
from  the  insulator  body. 

INTERNAL  WIRING  -  The  group  of  insulated  conductors  which  run  from  one  junction  to  another 
within  the  confines  of  the  penetrator  assembly. 

FUNCTION  BOX  -  A  pressure  proof  device  to  which  are  mounted  electrical  connectors;  The 
connectors  are  internally  interconnected  to  provide  circuit  continuity. 

JUNCTION  BOX  CAVITY  -  The  space  void  within  the  junction  box  shell. 

JUNCTION  BOX  COVER  -  A  sealed  removable  plate  allowing,  access  to  the  internal  wiring  in  the 
junction  box  cavity. 

JUNCTION  BOX  COVER  FASTENER  -  The  component  used  to  attach  the  cover  to  the  junction  box. 

JUNCTION  BOX  SHELL  -  The  portion  of  the  junction  box  assembly  onto  which  the  receptacles 
are  mounted;  it  may  be  integral  with  or  separable  from  the  penetrator  shell. 

ON  AXIS  -  With  respect  to  the  primary  axis  of  the  component  under  discussion. 

PENEirATOR  ASSEMBLY  -  A  pressure  proof  device  which  is  designed  to  allow  the  passage  of 
electrical  circuits  through  the  pressure  hull  of  a  vehicle.  The  penetrator  seals  and  insulates  the 
connactors  as  they  pass  through  the.penetrator  shell. 
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PENETRATOR  COMPENSATOR  ASSEMBLY  -  A  flexible  elastomeric  membrane  incorporated  in 
a  liquid  filled  penetrator  assembly  which  allows  the  liquid  to  expand  or  contract  due  to  pressure 
and  temperature  effects  of  the  seawater  environment. 

PENETRATOR  LOCATING  PIN  -  A  projection  usually  mounted  in  the  hull  insert  face  which 
engages  a  corresponding  hole  or  groove  in  the  penetrator.  Together  they  provide  a  fixed  "on 
axis"  location  of  the  penetrator  with  respect  to  the  holo  in  the  hull.  They  also  prevent  penetrator 
rotation  when  mounting  the  penetrator  into  the  hull  insert. 

PENETRATOR  OUTER  CONTACT  -  The  outmost  annular  shaped  contact  of  a  coaxial  penetrator 

PENETRATOR  RETAINING  NUT  -  The  threaded  element  which  screws  onto  the  end  of  the  penetrator 
body  shank  inside  the  pressure  hull  and  secures  the  penetrator  assembly  against  the  hull  insert. 

PENETRATOR  SEAL  RING  -  An  annular  ring  which  fits  between  the  penetrator  retaining  nut 
washer  and  the  hull  insert.  It  provides  a  sealing  surface  for  the  penetrator  body  shank/insert 
secondary  O-ring  gasket. 

PENETRATOR  SHELL  -  The  body  portion  of  the  penetrator  assembles. 

PENETRATOR  SHELL  NECK  -  A  step  in  the  penetrator  body  intended  as  a  fail-safe  measure.  If 
the  outboard  portion  of  the  penetrator  is  carried  away,  the  shell  neck  provides  a  bearing  surface 
for  a  corresponding  neck  in  the  hull  liner  bore  to  prevent  the  remainder  of  the  shell  from  being 
forced  inboard  causing  catastrophic  failure. 

PENETRATOR  SHELL  SHOULDER  -  The  flange  near  the  top  of  the  shank  which  bears  against  the 
hull  insert  face. 

;  PENETRATOR  SHELL  WALL  -  The  portion  of  the  penetrator  shell  between  its  outside  surface 
£.nd  its  bore  surface. 

PENETRATOR  SPACER  -  A  part  similar  to  the  polarizing  sleeve  as  defined  below,  but  having  no 
plug  keying  facilities.  A  spacer  cannot  serve  as  a  plug  polarizing  function  and  hence  it  is  employed 
inside  the  penetrator  shank  inboard  plug  is  used. 

POLARIZING  KEY  -  Cf.  "key"  in  section  1.2. 

POLARIZING  KEYWAY  -  Cf.  "keyway"  in  section  1. 1. 

POLARIZING  SLEEVE  -  A  hollow  cylindrical  spacer  which  keys  to  and  bears  against  the  removable 
header  insert.  It  is  In  turn  secured  from  axial  movement  by  the  header  insert  retaining  ring.  The 
polarizing  sleeve  has  one  or  more  polarizing  keys  on  its  inner  surface. 

POTTING  -  A  dielectric  material  poured  into  a  cavity  to  fill  all  interstices  and  cured  in  place. 

PRESSURE  PROOF  COVER  -  A  device  which  protects  a  penetrator,  plug  or  receptacle  against 
full  submergence  depth  pressures. 

PRIMARY  SEAL  -  Cf.  "primary  seal"  section  1. 1. 

RECEPTACLE  -  Cf.  "receptacle"  section  1.2. 

SECONDARY  SEAL  -  Cf.  "secondary  seal"  section  1. 2. 

WASHER  -  A  thin  hollow  disc  which  fits  between  the  penetrator  retaining  nut  and  the  seal  ring. 

Its  function  is  to  reduce  the  tendency  of  seal  ring  rotation  as  the  retain  nut  is  tightened. 
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Figure  A-l-8.  Coaxial  Penetrator  Nomenclature 
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Table  A-2-1.  Pertinent  Military  Material  Specifications 


DESCRIPTION  SPECIFICATION 

Molding,  plastics,  and  jnolded  plastic  parts,  MIL-M-14 

thermosetting 

Aluminum  alloy  die  castings  QQ-A-591 

Aluminum  alloy  bar,  rod  and  wire  QQ-A-225 

Aluminum  alloy  forging  QQ-A-367 

Solder,  tin  alloy;  lead-tin  alloy;  and  lead  QQ-S-571 

alloy 

Steel  bars,  shapes  and  forgings  -  corrosion  QQ-S-763 

resisting 

Plastic  molding  material  and  plastic  molded  MIL-P-19833 

parts,  gloss  fiber  filled  diallyl  phthalate 

resin 

Copper-beryllium  alloy  bar,  rod,  and  wire  QQ-C-530 

(copper  alloy  No.  172) 

Phosphor  bronze  bar,  plates,  rods  sheets,  etc.  QQ-P-330 

Rubber,  silicone:  low  and  high  temperature  ZZ-K-765 

and  tear  resistant 

Nickel-copper-aluminum  alloy,  wrought  QQ-N-286 

(K-Monel) 

Rubber;  synthetic,  sheet  molded,  and  MIL-R-6855 

extruded,  for  aircraft  applications 

Bronze,  aluminum,  rod,  flat  products  with  QQ-B-679 

finished  edges  (flat  wire,  strip,  and.bar) 
shapes  and  forgings 

Nickel-copper-alloy,  bar,  plate,  rod,  sheet,  QQ-N-281 

strip  wire,  forgings,  and  structural  and 
special  shaped  sections 

Molding  and  potting  compound,  chemically  MXL-M-24041 

cured,  polyurethane  (polyethes-based) 

Brass,  monai,  rod,  wire,  shapes,  etc.  QQ-B-637 

Polyamide  (nylon)  plastic  rigid:  molded  parts,  MIL-P- 17091 

rods  and  flats 

Titanium  and  titanium  alloy  bars,  forgings,  and  MIL-T-9047 
forging  stock 


Bronze,  nickel  aluminum,  rod,  flat  products 
with  finished  edges,  shapes  and  forgings 


MIL-B-24059 


Table  A-2-2.  Pertinent  Military  Electrical  Cable  Specification* 


a 


v 


NO. 


1 

2 

3 

4 

5 

6 

7 

8 


1 

1 

i 


DESCRIPTION  SPECIFICATION 


Cable,  cord,  and  wire,  electrical  shipboard  use  MlL-C-915 

Ca^le,  coaxial,  for  submarine  use  MIL-C-23020 

Cable,  electrical,  underwater,  seadrone  lighting  MIL-C-22929 

Cable,  electronic,  tow,  for  submarine  application  MIL-C-23812 

Cables,  power,  electrical,  reduced  diameter  type,  MIL-C-2194 
Naval  Shipboard 

Cables,  radio  frequency,  coaxial,dual  coaxial,  MIL-C-17 
twin  conductor,  and  twin  lead 

Cable,  electrical,  special  purpose,  for  MIL-C-24145 

shipboard  use 

Cable,  special  purpose,  electrical;  general  MIL-C- 13777 

specifications  for 
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Table  A-2-3.  Pertinent  Military  Electrical  Connector  Specifications 


NO. 

DESCRIPTION 

SPECIFICATION 

1 

Connector,  electrical,  AN  type 

M1L-C-5015 

i 

Connector,  electrical,  circular  miniature, 
quick  disconnect 

MIL-C-26482 

3 

Connectors,  general  purpose,  electrical, 
miniature,  circular  environmental  resisting 

200  C  ambient  temperature 

MIL-C-26500 

4 

Connector,  electrical,  miniature,  quick 
disconnect  (for  weapons  systems) 
established  reliability 

MIL-C-27599 

5 

Connectors,  electrical,  miniature,  quick 
disconnect,  removable  crimp  type  contacts, 
established  reliability 

MIL-C-38999 

6 

Connector,  electric,  circular,  high  density, 
quick  disconnect,  environment  resisting 

MIL-C-81511 

7 

Connectors,  electrical,  waterproof,  quick 
disconnect,  heavy  duty  type 

MIL-C-22992 

8 

Connector,  electric,  circular,  environment 
resisting,  general  specification  for 

MIL-C-83723 

9 

Connectors,  coaxial,  radio  frequency,  general 
specification  for 

MIL-C-39012 

10 

Plugs,  receptacle,  cable  assemblies,  and  hull 
penetrations,  pressure  proof,  4000  SBM, 
general  specification  for 

MIL-C-24231 

11 

Connector  sets,  electrical,  hermetically 
sealed,  submarine 

MIL-C-22249 

12 

Connector  sets,  electrical,  hermetically 
sealed,  submarine 

MIL-C-22539 

13 

Connector  sets,  electrical,  deep  submergence, 
submarine 

MIL-C-24217 
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Table  A-2-4.  U.S.  Government  Plating  Specifications 


NO. 

PLATING  OR  FINISH 

SPECIFICATION 

1 

Gold 

MIL-G-45204 

2 

Copper 

MIL-C-14550 

3 

Silver 

QQ-S-365 

4 

Tin 

M1L-T-10727 

5 

Zinc 

QQ-Z-325 

6 

Rhodium 

MIL-R-46085 

7 

Chromium 

QQ-C-320 

8 

Aluminum  (anodized) 

MIL-A-8625 

9, 

Cadmium 

QQ-P-416 

10 

Nickel 

QQ-N-290 

11 

Nickel  (electroless) 

hVL-C-26074 

12 

Stainless  steel  (passivated) 

QQ-P-35  and  MIL-S-5002 

13 

Tin-lead 

MfL-T-10727 

14 

Stainless  steel  (oxidized) 

MIL-C-13924 

15 

Copper  (black  oxidized) 

MIL-F-495 

l  . 
i  : 


j 

) 

1 

3 
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Table  A-2-5.  Pertinent  Military  Test  Specifications 


NO. 

DESCRIPTION 

SPECIFICATION 

1 

Test  methods  for  electronic  and  electrical 
component  parts 

MIL-STD-202 

2 

Test  methods  for  electrical  connectors 

MIL-STD-1344 

3 

Standard  general  requirements  for  electronic 
equipment 

MIL-STD-454 

4 

Methods  of  testing  plastics 

FED-STD-406 

5 

Metal  test  method 

FED  TEST  METHOD  151 

6 

Calibration:  system  requirement 

MIL-C-45662 

7 

Surface  roughness,  wariness,  and  lay 

MIL-STD-10 

8 

Plastics,  organic,  general  specification, 
test  methods 

L-P-406 

9 

Rubber,  sampling  and  testing 

FED  TEST  METHOD  601 

10 

Mechanical  vibrations  of  shipboard  equipment 

MIL-STD-167 

11 

Shock  tests,  H.I.  (high  impact)  shipboard 
machinery  equipment  and  systems, 
requirements  for 

MIL-S-901 

12 

Nondestructive  testing  requirements  for  metals 

MIL-STD-271 

13 

Environmental  test  methods 

MIL-STD-810 
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Table  A-2-6. 

Maximum  Conductor  Current  Hating*5 

WIRE  SIZE 
(awg) 

AMPERES* 

22 

9 

20 

11 

18 

16 

16 

22 

14 

12 

41 

8 

55 

6 

73 

4 

101 

2 

135 

0 

245 

00 

283 

000 

328 

0000 

380 

NOTES:  1.  Single  conductor  in  free  air,  continuous  loading 

2.  Conditions  are  established  under  a  maximum 
ambient  temperature  of  135  F  and  a  maximum 
conductor  temperature  of  212  F. 
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Table  A-2-7.  Fractions  of  an  Inch  with  Metric  Equivalent 


FRACTIONS  OF 
AN  INCH 

DECIMALS 
OF  AN  INCH 

MILLI¬ 

METERS 

FRACTIONS  OF 

AN  INCH 

DECIMALS 

OF  AN  INCH 

MILLI¬ 

METERS 

1/64 

0.0156 

0.397 

33/64 

0.5156 

13.097 

1/32 

0.0313 

0.794 

17/32 

0.5313 

13.494 

3/64 

0.0469 

1.191 

35/64 

0. 5469 

13.891 

1/16 

0.0625 

1.588 

9/16 

0.5625 

14.288 

5/64 

0.0781 

1.984 

37/64 

0.5781 

14.684 

3/32 

0.0938 

2.381 

19/32 

0.5938 

15.081 

7/64 

0.1094 

2.778 

39/64 

0.6094 

15.478 

1/8 

0.1250 

3.175 

5/8 

0.6250 

15.875 

9/64 

0.1406 

3.572 

41/S4 

0.8406 

16.272 

5/32 

0. 1563 

3.969 

21/32 

0.6563 

16.669 

11/64 

0.1719 

4.366 

43/64 

0,6719 

17.066 

3/16 

0.1875 

4.763 

11/16 

0.6875 

17.463 

13/64 

0.2031 

5.159 

45/64 

0.7031 

17.059 

7/32 

0.2188 

5.556 

23/32 

0.7188 

18.256 

15/64 

0.2344 

5.953 

'7/64 

0.7344 

18.653 

1/4 

0.2500 

6.350 

3/4 

0.7500 

19.050 

17/64 

0.2656 

6.747 

49/64 

0.7656 

19.447 

9/32 

0.2813 

7.144 

25/32 

0.7813 

19.844 

19/64 

0.2969 

7.541 

51/64 

0.7969 

20.241 

5/16 

0.3125 

7.938 

13/16 

0.8125 

20.638 

21/64 

0.3281 

8.334 

53/64 

0.8281 

21.034 

11/32 

0.3438 

8.731 

27/32 

0.8438 

21.431 

23/64 

0.3594 

9.J.28 

55/64 

0.8594 

21.828 

3/8  ‘ 

0.3750 

9.525 

7/8 

0.8750 

22.225 

25/64 

0.3906 

9.922 

57/64 

0.8906 

22.622 

13/32 

0.4063 

10.319 

29/32 

0.9063 

23.019 

27/64 

0.4219 

10.716 

59/64 

0.9219 

23.416 

7/16 

0.4375 

11.113 

15/16 

0.9375 

23.813 

29/64 

0.4531 

11.509 

61/64 

0.9531 

24.209 

15/32 

0.4688 

11.906 

31/32 

0.9688 

24.606 

31/84 

0.4844 

12.303 

63/64 

0.9844 

25.003 

1/2 

0.5000 

12.700 

1.0000 

25.400 
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Table  A-2-8.  Unit  Prefixes 


Table  A-2-9.  Nomenclature  of  Frequency  Bands 


BAND  ^ 

NUMBER  FREQUENCY  RANGE  METRIC  SUBDIVISION  ADJECTIVAL  DESIGNATION 


2 

30  to 

300  hertz 

Megametric  waves 

ELF 

Extremely  low  frequency 

3 

300  to 

3000  hertz 

- 

VF 

Voice  frequency 

4 

3  to 

30  kilohertz 

Myriametric  waves 

VLF 

Very-low  frequency 

5 

30  to 

300  kilohertz 

Kilometric  waves 

LF 

Low  frequency 

6 

300  to 

3000  kilohertz 

Hectometric  waves 

MF 

Medium  frequency 

7 

3  to 

30  megahertz 

Decametric  waves 

HF 

High  frequency 

8 

30  to 

300  megahertz 

Metric  waves 

VHF 

Very-high  frequency 

9 

300  to 

3000  megahertz 

Decimetric  waves 

UHF 

Ultra-high  frequency 

10 

3  to 

30  gigahertz 

Centimetric  waves 

SHF 

Super-high  frequency 

11 

30  to 

300  gigahertz 

Millimetric  waves 

EHF 

Extremely  high  frequency 

12 

300  to 

3000  gigahertz  or 

3  terahertz 

Decimillimetric  waves 

- 

NOTES:  1  "Band  Number  N"  extends  from  0.3xl0N  to  3xl0N  hertz.  The  upper  limit  is  included  in 
each  band;  the  lower  limit  is  excluded. 


Table  A-2-10.  Deep  Submergence  Tables 


FEET 

0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

Fathoms 

Meters 

Pressure  (decibars)* 
Pressure  (psi) 

0 

0 

0 

0 

16.7 

30.5 

30.8 

44.4 

33.3 

61.0 

61.6 

89.0 

50.0 

91.4 

94.4 

133.6 

66.7 

121.9 

123.2 

178.3 

83.3 

152.4 

154.2 

223.1 

100.0 

182.9 

105.1 

268.0 

116.7 

213.4 

216.1 

312.9 

133.3 

243.8 

247.2 

358.0 

150.0 

274.3 

278.3 

403.1 

FEET 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

1900 

Fathoms 

166,7 

304.6 

183.3 

335.3 

200.0 

365.8 

216.7 

396.2 

233.3 

426.7 

250.0 

457.2 

266.7 

487.7 

283.3 

518.2 

300 

548.6 

316.7 

579.1 

Pressure  (decibars) 
Pressure  (psi) 

309.0 

448.3 

340.3 

493.6 

371.6 

539.0 

402.9 

584.5 

434.5 

630.0 

465.9 

675.7 

497.4 

721.4 

528.8 

767.3 

560.3 

813.2 

592. 3 

859.1 

FEET 

fathoms 

METERS 

PRESSURE 

(decibars) 

PRESSURE 

(psi) 

2,000 

333.3 

610 

614 

890 

3,000 

500.0 

014 

921 

1,336 

4,000 

666.7 

1,219 

1,232 

1,783 

5,000 

833.3 

1,524 

1,542 

2,231 

6,000 

1,000.0 

1,829 

1,851 

2,680 

7.000 

1,166.7 

2, 134 

2, 161 

3,129 

1,333.3 

2,438 

2,472 

3,580 

9.000 

2,743 

2,783 

4,031 

1,666.7 

3,048 

3,095 

4,483 

1,  833.3 

3,353 

3,407 

4, 936 

12.000 

3,  658 

3,720 

5,390 

2, 166.7 

3,962 

4,033 

5, 845 

14,000 

2,333.3 

4,267 

4,345 

6,300 

4,572 

-  >59 

6,757 

2,666.7 

4,877 

4,974 

7,214 

2,833.3 

5,182 

5,288 

7,673 

5,486 

5,603 

8,132 

3,166.7 

5,791 

5,918 

8, 591 

3,333.3 

6,096 

6,241 

9,052 

Hips 

3, 500. 0 

6,401 

6, 555 

9,508 

3,666.7 

6,706 

6, 874 

9,970 

12 


Table  A-2-10.  (cont'd) 


FEET 

FATHOMS 

METERS 

PRESSURE 

(decibars) 

PRESSURE 

(psi) 

24, 000 

4,000.0 

7,315 

7,512 

10,  896 

25, 000 

4,166.7 

7,620 

7,833 

11,361 

26, 000 

4,333.3 

7,925 

8, 154 

11,827 

27,000 

4,  500. 0 

8,230 

8,476 

12,294 

28, 000 

4,666.7 

8,  534 

8,797 

12,760 

29, 000 

4,  833.3 

8,  839 

9, 120 

13,228 

30, 000 

5, 000. 0 

9, 144 

9,443 

13,  697 

31,000 

5,166.7 

9,449 

9,767 

14, 167 

32,000 

5,333.3 

9,754 

10, 092 

14,  838 

33, 000 

5,  500. 0 

10, 058 

10, 417 

15, 109 

34, 000 

5,  666.7 

10, 363 

10,742 

15,  581 

35, 000 

5,833.3 

10, 668 

11,  069 

16, 055 

NOTES:  1.  Salinity  35  o/oo,  Temperature  0  C.. 

2.  Calculated  with  Formula:  P  =  D  1. 4559  +  (D  x  0. 46  x  10-5) 

mm 

Where  D  Depth  in  Meters, 
m 


Table  A-2-11.  Deep  Submergence  Tables 


i 


FEET 

FATHOMS 

METERS 

PRESSURE 

(decibars)1 

PRESSURE 

(pair 

1,000 

166,7 

305 

308 

444 

2,000 

333.3 

610 

616 

890 

3,000 

500.0 

915 

924 

1,336 

4,000 

666.7 

1,220 

1,232 

1,783 

5,000 

833.3 

1,525 

1,542 

2,231 

6,  000 

1,000.0 

1,830 

1,851 

2, 680 

7,  000 

1,166.7 

2,135 

2,161 

3,129 

8, 000 

1,333.3 

2,440 

2,472 

3,580 

9,000 

1,500.0 

2,745 

2,783 

4,031 

10,000 

1,666.7 

3, 050 

3,095 

4, 483 

11,000 

1,833.3 

3,  355 

3,407 

4,936 

12,000 

2,000.0 

3, 660 

3, 720 

5, 390 

13, 000 

2,166.7 

3,965 

4,033 

5,845 

14, 000 

2,333.3 

4,270 

4, 345 

6,300 

15,000 

2,500.0 

4,575 

4, 659 

6,757 

16,000 

2,666.7 

4,880 

4,974 

7,214 

17,000 

2,833.3 

5, 185 

5,288 

7,673 

18,000 

3,000.0 

5,490 

5,  603 

3,132 

19, 000 

3, 166.7 

5, 795 

5,918 

8,592 

20,000 

3, 333.3 

6,100 

6,233 

9,052 

NOTES:  1.  Salinity  35  o/oo,  Temperature  0  C. 

2.  Calculated  with  Formula:  P=Dm  1, 4559  (Dm  x  .  46x10"®) 
Where  Dm  =  Depth  in  Meters. 
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Table  A-2-12.  Relation  Eetween  Various  Pressure  Units 


IN  ONE 


THERE 

ARE 

DYNE 

CM'* 

BAR 

DECI¬ 

BAR 

MILLI¬ 

BAR 

PSI 

ATM 

(stnd) 

IN.  HG. 
(45  F) 

MM.  HG. 
(45  F) 

dynes 

cm-2 

one 

10G 

105 

103 

6. 8947 
xlO4 

1.0133 

xlO6 

3.3862 

xlO' 

1.3332 

xlO3 

bars 

IC"6 

one 

IO"1 

io"3 

6.8947 

xlO'2 

1.0133 

3.3862 

xlO-2 

1.3332 

xlO"3 

deci¬ 

bars 

10"5 

IQ1 

one 

io"2 

6.8947 

xlO-1- 

1.0133 

xlO1 

3.3862 

xlO-1 

1.3332 

xlO2 

milli¬ 

bars 

10-3 

103 

102 

one 

6.8947 

xlO1 

1.0133 

xl03 

3.3862 

xlO1 

1.  3332 

psi 

1.4504 

xlO-5 

1.4504 

xlO1 

1.4504 

1.4504 

xlO-2 

one 

1.4697 

xlO1 

4.9113 

xlO'1 

1.9337 

xlO"2 

atm 

(stnd) 

9.8687 

xlO-7 

9.8687 

xlO-1 

8.8687 

xlO”2 

9.8687 

xlO"4 

6.8042 

xlO”^ 

one 

3.3418 

xlO"2 

1.  3157 
xlO"3 

in.  Hg. 
(45  F) 

2.9531 

xlO-5 

2.9531 

xlO1 

2.9531 

2.9531 

xlO-2 

2.0361 

2.9924 

xlO1 

one 

3.9371 

xlO-2 

mm.Hg. 
(45  F) 

7.5008 

xlO-4 

7. 5008 
xlO6 

7. 5008 
xlO1 

7. 5008 
xlO-1 

5.1717 

xlO1 

7.6008 

xlO2 

2.5400 

xlO1 

one 
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Table  A-2-13.  List  of  Manned  Deep  Submergence  Vehicles 


VEHICLE 

YEAR  IN  SERVICE 

OPERATING 

DEPTH 

(feet) 

Bathysphere 

1930 

1,400 

Bathysphere 

1934 

3,028 

Benthos  cope 

1949 

4,500 

Trieste  f 

1953 

10,400 

FNRS-3 

1954 

13,287 

Diving  Saucer 

1960 

1,000 

Trieste  I 

1960 

35, 800 

Archimede 

1962 

31,320 

Trieste  n 

1964 

Classified 

Pisces  I 

1966 

2,500 

Pisces  II 

1968 

4,000 

Deepstar  2000 

1969 

2,000 

Deepstar  4000 

1966 

4,000 

Deep  Quest 

1967 

8, 000+ 

Benthos  V 

1963 

600 

Star  H 

1966 

1,200 

Star  IB 

1965 

2,000 

Asherah 

1964 

600 

Alvin 

1965 

6, 900 

Kurushio  II 

I960 

650 

Shelf  Diver 

— - 

— 

Deep  Diver 

1966 

— 

DSRV 

1969 

3,500 

Ben  Franklin 

1968 

4, 000 

Aluminaut 

1965 

15,000 

Dolphin 

1968 

Classified 

HR-1 

1969 

Classified 

Submar  ay 

1963 

300 

Shir.kai 

1968 

---- 

Mesoscaph 

1964 

3,500 

Cubmarine 

1962 

150 

DOWB 

1968 

6,500 

Beaver  Mk  IV 

1968 

— — 

DSRV 

1971 

3, 500 
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Table  A-2-14.  Unite  of  Depth  Measurement  on  Charts  of  Various  Nations 


EQUIVALENT  IN  UNITED 
STATES'  UNITS 

NATION 

UNIT  OF  DEPTH  MEASUREMENT 

(feet) 

(fathoms) 

Argentina 

Braza 

6.000 

1.000 

Australia 

Fathom 

6.00 

1.000 

Belgium 

Metre 

3.281 

0.547 

Brazil 

Metro 

3.281 

0.547 

Canada 

Fathom 

6.000 

1.000 

Chile 

Metro 

3.281 

0.547 

Denmark 

Favn 

6.176 

1.029 

Meter 

3.281 

0.547 

Finland 

Metre 

3.281 

0.547 

France 

Metre 

3.281 

0.547 

Germany 

Meter 

3.281 

0.547 

Great  Britain 

Fathom 

6.000 

1.000 

Greece 

Metre  (Metpa) 

3.281 

0.547 

Italy 

Metre 

3.281 

0.547 

Japan 

Metre 

3.281 

0.547 

Netherlands 

Vadem 

5.905 

0.984 

Meter 

3.281 

0.547 

Norway 

Favn 

6.176 

1.029 

Meter 

3.281 

0.547 

Portugal 

Metro 

3.281 

0.547 

Russia  (USSR) 

Sazhen' 

6.000 

1.000 

Metre 

3.281 

0.547 

Thailand 

Metre 

3.281 

0.547 

Spain 

Metro 

3.281 

0.547 

Sweden 

Famn 

5.844 

0.974 

Meter 

3.281 

0.547 

Turkey 

Fathom  (Kulac) 

6.000 

1.000 

Uruguay 

Metro 

3.281 

0.547 

Yugoslavia 

Metar 

3.281 

0.547 
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